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PREFACE. 


This  book  is  intended  to  give  an  outline  of  the  Animal 
Kingdom,  and  thereby  to  present  the  elementary  facts 
and  principles  of  Zoology. 

In  its  preparation  the  author  has  freely  used  all  tlie 
materials  at  his  command.  He  is  under  special  obliga- 
tions, however,  to  the  writings  of  Agassiz,  Huxley, 
Dana,  Owen,  Milne-Edwards,  Siebold,  Clark,  Gill,  Baird, 
Verrill,  Packard,  Kollestoue,  Flower,  Woodward,  Morse, 
Coues,  Weinland,  and  others  whose  names  will  be  found 
in  connection  with  the  treatment  of  the  various  subjects. 

As  there  is  not  yet  any  universally  accepted  system  of 
classification  of  the  various  forms  which  belong  to  the 
Animal  Kingdom,  the  more  modern  systems  are,  in  most 
cases,  presented,  and  then  such  schemes  are  adopted  as 
will,  on  the  whole,  be  of  the  greatest  aid  in  studying  the 
various  animal  forms  on  the  one  hand,  and  in  studying 
the  writings  of  zoologists,  on  the  other. 

No  attempt  is  made  to  describe  species,  but  the  animals 
are  described  in  groups.  The  numerous  species  figured, 
however,  serve  to  make  the  student  familiar  with  many 
of  the  leading  forms  in  each  group. 

About  five  hundred  of  the  wood-cut  illustrations  are 
from  the  author's  "Manual  of  Zoology"  and,  in  most 
cases,  were  drawn  and  engraved  expressly  for  that  work — 
a  part  of  them  from  nature,  and  the  others  mainly  from  the 
special  works  of  Cuvier,  Schinz,  Audubon  and  Bachman, 
Wilson,  Holbrook,  Storer,  Dekay,  Harris.  Say,  Sanborn, 
Emmons,  Binney,  Woodward,  Gould,  Lea,  Conrad, 
Agassiz,  Miiller,  I)ana,  Mi Ine-Ed wards,  Verrill,  Ehren-  ' 
berg,  Huxley,  and  Wood.  About  thirty  have  been  drawn 
and  engraved  expressly  for  this  book — mainly  from  the 
works  of  Huxley,  Griffith  and  Henfrey,  Owen,  Pouehet, 
and  Carpenter. 


IV  PREFACE. 

Many  of  the  other  illustrations  are  from  Carpenter's 
"Principles  of  Comparative  Physiology,"  and  Carpen- 
ter's "  Microscope  and  its  Eevelations  ^"  Milne-Edwards' 
"Manual  of  Zoology;"  Brehm's  "Lehrbuch  der  Zoolo- 
gie;"  T.  Eymer  Jones's  "Animal  Creation;"  Wood- 
ward's "Eecent  and  Fossil  Shells;"  and  from  Flower's 
"  Osteology  of  the  Mammalia." 

About  twenty  of  the  cuts  were  kindly  furnished  by 
Dr.  A.  S.  Packard,  Jr.,  from  his  excellent  "  Guide  to  the 
Study  of  Insects ; "  and  three  from  his  paper  "  On  the 
Development  of  Polyphemus."  And  about  twenty  are, 
by  permission,  from  Professor  A.  E.  Verrill  and  Professor 
S.  I.  Smith's  valuable  "Eeport  upon  the  Invertebrates 
of  Vineyard  Sound,"  and  V errill's  instructive  paper  on 
"  External  and  Internal  Parasites  of  Man  and  Domestic 
Animals." 

The  author  is  also  under  obligations  to  Professor  J.  D- 
Dana  and  to  Messrs.  Dodd  &  Mead,  for  nine  illustrations 
from  Dana's  charming  work  on  "Corals  and  Coral 
Islands;"  and  to  Professor  A.  Hyatt,  for  one  from  his 
"  Observations  on  the  Polyzoa,"  and  to  Dr.  Elliot  Coues, 
for  six  from  his  "Key  to  North  American  Birds,"  and  to 
the  publishers  of  the  "American  Naturalist,"  for  two, 
and  to  the  "  Popular  Science  Monthly,"  for  one. 

The  author  desires  to  express  his  thanks  to  Dr.  A.  S. 
Packard,  Jr.,  for  information  in  regard  to  Insects  and 
Crustaceans;  and  to  Professor  A.  E.  verrill  for  informa- 
tion and  suggestions  in  regard  to  Crustaceans,  Worms, 
and  Polyps. 

•  Nor  would  he  forget  to  thank  his  Publishers  for  their 
liberal  expenditures  which  have  enabled  him  to  illustrate 
extensively  every  part  of  the  work. 

Williams  College, 

WiLLIAMSTOWN,  MaSS. 

July,  1875. 
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CHAPTER  I. 

WHAT  ZOOLOGY  IS 

AND 

A  GENERAL  IDEA  OP  THE  ANIMAL  KINGDOM.^ 

In  entering  upon  the  study  of  any  science  or  department 
of  learning,  it  is  important  to  understand,  at  the  outset, 
what  the  science  is,  in  general  terms,  and  what  is  the  nature 
of  the  subject  or  subjects  of  which  it  treats  or  with  which 
it  deals. 

t^^'^dlogy  is  the  department  of  Natural  History  which 
treats  of  Animals.  It  is  the  scientific  history  of  the  Ani- 
mal Kingdom  as  a  whole,  and  of  all  the  various  forms  of 
which  it  is  composed.  J 

fNataral  History,  in  its  broadest  sense,  is  tlie  science  which  treats  of 
the  earth  and  of  all  natural  objects  upon  its  surface  and  within  its 
crust.  The  term,  bowever,  is  too  often  used  in  a  restricted  sense  as 
meaning  the  same  as  ZoOlogj.  In  addition  to  ZoOlpgj,  Natural  History 
also  indudes  Botany,  Geology,  and  Mineralogy. 

^he  word  Zo5logy  comes  from  two  Greek  words,  zoon^ ' 
an  animal,  and  loffos,  a  discourse^/ 

As  Zoology  treats  of  all  animals,  the  lowest  as  well  as 
the  highest,  it  is  important,  as  already  stated,  to  know  at 
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the  outset  what  animals  are ;  or,  in  other  words,  to  know 
what  constitutes  an  animal. 

"While  all  intelligent  persons  recognize  as  animals,  Man, 
monkeys,  the  beasts  of  the  forest,  the  cattle  and  sheep  of 
the  meadows,  the  birds  of  the  air,  the  fishes  of  the  waters, 
and  all  other  similar  forms,  it  must  here  be  understood 
that  it  is  not  easy — ^and  perhaps  not  possible  iu  the  present 
condition  of  science — to  state  in  precise  terms  exactly  what 
animals  are;  or,  in  other  words,  to  frame  a  definition 
which  shall  apply  to  all  animals,  to  the  lowest  as  well  as 
to  the  highest  forms,  and  which  shall  not  apply  to  any  of 
the  forms  of  plants. 

So  far  as  regards  the  higher  forms  of  animals  and  plants, 
there  is  little  or  no  difficulty  in  defining  them ;  but  the 
difficulty  arises  when  the  naturalist  has  to  deal  with  the 

lower,  and  especially  with  the  microscopic  forms  of  life.* 

■I  ■  ■  III  .11  —  I 

*  In  view  of  the  great  difficulty  in  drawing  an  exact  line  of  Beparation  be- 
tween Animals  and  Plants,  Haeckel  has  recommended  the  recognition  of  an 
intermeiiate  Kingdom  to  be  called  the  Regnnm  Protisticum,  in  which  all 
organisms  shall  be  included  which  cannot  with  certainty  be  referred  either 
to  the  Animal  Kingdom  on  the  one  hand,  or  the  Vegetable  Kingdom  on  the 
other.  Rcgnum  Protisticum  literally  means  the  kingdom  of  simplest  or- 
ganisms. 

As  it  is  not  yet  proved  that  there  is  really  any  sach  inteiinediate  Kingdom 
In  nature  as  is  here  suggested,  the  recommendation  of  Haeckel  cannot  at 
present  be  adopted. 

"Irritability,  contractility,  locomotion,  and  the  *cyclo8is,'  or  circulation 
of  absorbed  and  assimilated  nutritive  matters,  are  phenomena  universal  in  the 
animal,  and  occasionally  observable  in  the  vegetable'  kingdom ;  whilst  the 
secretion  of  chlorophyll,  and  of  cellulose,  and  the  power  of  regenerating  an 
entire  compound  organism  from  a  more  or  less  fragmentary  portion,  are 
properties  nearly,  though  not  quite  universal  in  vegetables,  and  only  occasion- 
ally noticeable  among  animals.  It  may  be  anticipated,  that  in  the  few  cases 
In  which  it  may  at  present  be  difficult  to  decide  with  perfect  certainty  as  to 
the  animal  or  vegetable  character  of  an  organism,  an  increase  In  our  knowl- 
edge, if  not  of  its  very  simple  structure,  yet  of  its  development,  and  if  not  of 
either  its  development  or  its  structure,  yet  of  the  development  and  structure 
of  forms  which  by  gradual  transitions  connect  It  with  undoubted  animal  or 
undoubted  vegetable  forms,  is  likely  at  some  time  to  enfble  us  to  place  it 
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In  general  terms  it  may  be  stated  that  Aninuds  are  liv- 
ing beings  which  are  nourished  amd  built  up  wholly  by 
organic/ood — that  isy  by  vegetable  ami  animal  materials 
— amd  which  have  sensation  and  the  power  of  voluntary 
m^tionp  amd  which  consume  oxygen  and  give  off  carbonic 
addj/ 
^Plants  are  organisms  which  are  endowed  with  life  proba- 
bly as  real  as  that  of  animals,  and  perhaps  differing  from 
that  of  the  latter  only  in  degree;  but,  unlike  animals, 
they  are  sustained  and  built  up  by  inorganic  nutriment — 
that  is,  by  earthy  materials,  water,  and  gases — and  they 
consume  carbonic  acid  and  give  off  oxygen  J/  Although  it 
probably  cannot  be  said  that  they  have  true*^ensation,  they 
seem  to  have  something  analogous  to  sensation ;  and  it  is 
now  generally  maintained  by  botanists  that  all  plants 
have  spontaneous  motion.  Such  motion,  however,  is  in 
most  cases  too  slow  for  our  observation.     Yet  mucli  has 


in  one  or  the  other  of  theae  two  kingdoms  of  life.  But  it  mnst  be  said  that 
there  are  organisms  which  at  one  period  of  their  life  exMblt  an  aggregate  of 
phenomena  such  as  to  justify  us  in  spealiing  of  them  as  animals,  whilst  at 
another  they  appear  to  be  as  distinctly  vegetable.  A  monad  [Page.  491]  may 
at  one  period  be  possessed  not  only  of  a  nucleus  and  contractile  vacuole, 
but  of  a  cilium,  by  the  aid  of  which  it  swims  about ;  at  another  it  may  have 
lost  its  cilium  and  effect  locomotion  by  the  protrusion  of  pseudopodia  like 
an  Amoeba;  whilst  in  a  third  it  may  surround  itself  with  an  envelope  of 
cellulose.  If  it  should  prove  to  be  true  that  organisms  as  high  in  the  scale  as 
the  AmcBbina  [Fig.  746]  and  Actinophryna  [Fig.  76S],  can  have  their  develop- 
ment traced  back  to  the  specialization  of  protoplasm  within  vegetable  cells, 
it  would  appear  to  be  necessary  to  ndopt  a  phraseology  which  should  speak 
of  such  creatures  as  being  at  one  time  plants  and  at  another  animals.** — 
BoUeston,  ^^ Ffynm  qf  Animal  lAfe^'' 

*  As  to  the  relations  of  oxygen  and  carbonic  acid  to  living  plants  and  ani- 
mals, it  must  be  stated  here  that  the  definitions  given  above  have  to  be  modi- 
fied by  the  fact  that  Wohler  claims  to  have  shown  that  some  kinds  of  the 
Infusoria  give  off  oxygen  instead  of  consuming  it,  as  is  done  by  animals  in 
general ;  and  that  Schlossberger  and  Dopping  claim  to  have  shown  that 
some  kinds  of  mushrooms  exhale  carbonic  add  instead  of  consuming  It,  as 
to  done  lyy  moBtapccies  of  plants. 
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been  accomplished  in  the  study  of  the  movements  of  plants, 
and  the  whole  subject  of  plant-motion  is  one  of  great  in- 
terest, and  of  great  importance  in  its  scientific  bearings. 

The  descent  of  the  root  into  the  earth,  the  ascent  of  the  stem  into 
the  air,  and  the  turning  of  the  branches  and  leaves  towards  the  light, 
observed  in  piants  generally,  are  all  regarded  by  botanists  as  spon- 
taneous moyements,  although  imperceptibly  slow. 

Some  kinds  of  plants,  as  the  Sensitive  Plant  {Mimosa  ptidiea),  exhibit 
a  sort  of  sensitiveness  or  irritability  when  somewhat  roughly  touched, 
and,  at  such  times,  they  suddenly  change  the  position  of  their  leaves 
or  leaflets,  quickly  folding  them  more  or  less  completely,  as  they  do  at 
night. 

There  is  one  kind  of  plant,  Venus's  Fly-trap  {DiantBa  mueciptUa),  of 
North  Carolina,  which  has  such  a  degree  of  sensitiveness  and  power 
of  rapid  movement,  that  the  moment  a  fly  or  other  insect  alights  upon 
ihe  curious  appendage  which  each  leaf  bears  at  its  summit,  the  "  trap  '* 
cIm^b,  often  capturing  the  insect,  pressing  it  harder  and  harder  the 
more  it  struggles,  and  thus,  in  many  cases,  depriving  it  of  life. 

As  examples  of  rapid  movements  of  plants  which  3re  apparently,  if 
not  really,  independent  of  any  external  force  or  excitation,  it  may  be 
mentioned  that  the  spores  of  many  kinds  of  algse  move  spontaneously 
in  the  water  when  they  are  first  discharged  from  the  parent  cells  in 
which  they  originate,  and  hence  they  appear  very  much  like  minute 
infusorial  animalcules.  The  movements  are.'made  by  means  of  exceed- 
ingly minute  hair-like  appendages  or  cilia,  having  the  closest  resem- 
blance to  the  vibratile  cilia  of  infusoria.  Again,  many  kinds  of  micro- 
scopic algae,  well  known  under  the  name  of  Desmids  and  Diatoms  (Fig. 
2*),  move  freely  about  in  the  water,  even  in  their  adult  state.  And,  as 
an  example  of  flowering  plants  which  apparently  exhibit  spontaneous 
movements,  we  may  mention  the  Desfnodium  gyrams  of  the  East 
Indies,  a  leguminous  plant,  with  trifoliate  leaves,  which  has  the  two 
lateral  leaflets  continually  rising  and  falling,  by  a  succession  of  jerks; 
arhd  one  leaf  rises  while  the  other  faUs! 

In  view  of  the  facts  now  stated  as  modifying  the  defi- 
nitions of  animals  and  plants,  as  given  above,  it  appears 
that  if  we  would  give  definitions  to  which  there  are  no 
exceptions,  we  cap  hardly  say  more  than  that  Animals  are 
living  beings  which  are  nourished  and  built  up  wholly  by 
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organic  food ;  and  that  Plants  are  living  organisms  whose 
nourishment  is  derived  directly  from  inorganic  materials. 

And  it  may  be  stated  here  that  it  is  one  of  the  chief 
provinces  of  the  vegetable  kingdom  to  convert  mineral  ok 
inorganic  snbstances  into  food  upon  which  animals  can 
subsist. 

As  to  modes  of  reproduction,  it  may  be  stated,  in  gen- 
eral terms,  that  animals  are  developed  from  eggs  or  some-* 
thing  equivalent  to  eggs ;  plants  from  seeds  or  something 
nearly  or  quite  equivalent  to  seeds ;  and  that  the  mode  of 
development,  and  the  extent  to  which  it  goes  on,  are  re- 
garded as  essentially  different  in  the  two  cases. 

Animals,  as  already  indicated,  are  of  all  forms  and 
grades,  from  shapeless  particles  scarcely  bearing  the  evi- 
dences of  life,  and  from  those  that  so  closely  resemble 
plants  that  even  naturalists  are  sometimes  in  doubt 
whether  to  call  them  plants  or  animals,  up  to  the  perfect 
form  and  high  rank  of  Man,  the  highest  representative  of 
the  animal  kingdom. 

The  Animal  Kingdom  embraces  all  the  various  forms  of 
animal  life,  just  as  the  vegetable  kingdom  includes  all 
plants,  and  the  mineral  kingdom  all  rocks  and  minerals. 

Animals  are  of  all  sizes,  from  those  so  minute  that  the 
human  eye  cannot  detect 'them  without  the  aid  of  the  most 
powerful  microscope,  up  to  those  of  massive  proportions, 
as  the  elephant  and  the  whale. 

Animals,  in  some  form,  are  found  almost  everywhere. 
They  inhabit  every  mountain,  valley,  and  plain,  every  for- 
e*t,  meadow,  and  field,  every  pool,  bog,  and  marsh,  every 
a  ream,  pond,  and  lake,  the  shores  and  shallows,  and  even 
the  profound  depths  of  the  sea,  and  every  tree,  flower,  fern, 
moss,  lichen  and  fungus;  and,  in  many  places,  every  drop 
of  water  teems  with  animal  forms. 


6  ZOOLOGY   JlS  important  SCIENCE. 

Zodlogy  treats  of  animals  in  respect  to  their  form  and 
stmeture,  development,  habits,  name,  classification,  and 
their  geographical  distribution.  It  also  treats  of  them  in 
the  relations  which  they  sustain  to  Man,  to  one  another, 
and  to  the  vegetable  kingdom. 

This  science  has  been  established  and  brought  to  its 
present  high  state  of  perfection  through  the  labors  of  such 
masters  as  Aristotle,  linnseus,  Cuyier,  Agassiz,  and  many 
Others  scarcely  less  renowned.  ^  " 

Zodlogy  is  a  science  of  the  highest  importance,  not  only 
on  account  of  its  relations  to  our  material  welfare,  and  its 
relations  to  other  sciences,  especially  to  that  of  Geology, 
but,  above  all,  as  an  educational  branch  of  study. 

The  objects  with  which  this  science  deals  hold  the  most 
direct  relations  both  to  our  wants  and  to  our  luxuries. 

No  small  part  of  our  food  comes  directly  from  the  ani- 
mals of  the  fields,  the  forests,  the  ocean,  the  lakes,  and  the 
streams.  And  the  hat  on  our  head,  the  coat  on  our  back, 
and  the  boots  on  our  feet,  also  come  to  us  from  the  animal 
kingdom.  And  from  the  same  source  come  the  costly 
shawl,  the  rich  furs,  and  the  elegant  silks,  satins,  and 
velvets  of  a  lady's  wardrobe.  And  from  this  source,  also, 
come  rich  dyes,  valuable  varnishes,  all  of  the  ivory,  the 
pearls,  the  mother-of-pearl,  and  many  other  things  which 
contribute  to  the  comforts  and  the  luxuries  of  civilized  man. 

But  while  many  kinds  of  animals  yield  us  only  benefits, 
many  others,  especially  of  the  insect  tribes,  do  us  only 
harm,  destroying  our  forests,  shade-trees  and  fruit-trees, 
the  crops  of  the  field,  orchard  and  garden,  our  choice  shrubs 
and  beautiful  fiowers,  our  furs,  clothing  and  carpets,  and 
many  other  articles  of  the  household. 

Zoology  informs  us  what  animals  are  useful  to  man,  and 
what  ones  are  his  natural  enemies ;  it  informs  us,  therefore, 
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what  animals  should  be  carefully  protected  and  preserved, 
and  what  ones  should  be  destroyed.  And  it  makes  known 
to  us  the  habits  of  animals,  thereby  enabling  us  the  better 
to  avail  ourselves  of  the  benefits  to  be  derived  from  those 
that  are  useful,  and  the  better  to  meet  and  withstand  the 
ravages  of  those  which  are  injurious. 

As  intimated  above,  Zoology  also  holds  direct  and  im- 
portant relations  to  the  science  of  Geology.  The  rocks  in 
many  regions  of  our  country  and  of  other  countries  con- 
tain vast  numbers  of  plants  and  animals  that  lived  many 
thousands,  and  in  many  cases  millions  of  years  ago.  And 
these  fossil  plants  and  animals  in  the  rocks  are  among  the 
most  important  aids  to  the  geologist  in  enabling  him  to 
trace  out  the  different  rock  formations,  and  to  find  the  coal 
and  other  materials  essential  to  supply  the  wants  of  civil- 
ized man;  and  they  are  the  absolutely  essential  aids  in 
enabling  him  to  read  and  understand  the  past  history  of  our 
globe. 

But  the  fossil  animals  can  be  understood  only  when 
studied  by  the  aid  of  the  fiu5ts  and  principles  of  Zoology. 
And  therefore  this  science  is  one  of  the  aids  upon  which 
the  geologist  constantly  relies,  well  knowing  that  without 
this  aid  he  makes  little  or  no  sure  progress. 

Especially  is  the  science  of  Zoology  important  as  an 
educational  branch,  securing  to  its  true  and  faithful  votaries 
a  spirit  of  earnest  inquiry,  habits  of  patient  and  accurate 
observation,  careful  comparison,  vigorous  and  logical 
thought,  and  power  of  broad  generalization ;  and  dealing, 
as  it  does,  with  the  highest  expressions  of  matter  and  of 
life,  its  study  is  eminently  adapted  to  enlarge  our  ideas  of 
creation,  and  of  the  Great  Author  of  Nature.  It  reveals 
the  plan  which  the  Creator  has  made  and  carried  out  in 
the  highest  department  of  nature — ^the  Animal  Kingdom. 


8  LOWER  AUTD  HIGHER  FORMS. 

As  already  stated,  some  kinds  of  animals  are  exceedingly 
simple — ^so  simple,  that  they  have  the  animal  characteristics 
only  in  the  feeblest  degree.  The  Amoeba  (Fig.  1  and  fig. 
2')  for  example,  a  microscopic  form  foand  in  pools  and 
ponds,  has  neither  mouth  nor  stomach,  nor  organs  of  any) 
kind.    It  is  indeed  an  animal  without  definite  form  or 

Fro.  1. 


Awueba  rodt'ota.— Magnified  orer  100  dJameien. 

stracture,  and  is,  essentially,  a  mere  particle  of  slime-like  or 
mucous  matter,  or  sarcode^  as  such  structureless  animal 
matter  is  called.  One  part  is  essentially  the  same  as  any 
other.  To  no  particular  part  or  parts  is  assigned  a  spe- 
cial function ;  but  the  functions  of  sensation^  voluntary 
motion,  and  of  nutrition,  are  apparently  exercised  by  one 
part  as  much  as  another.  On  coming  to  a  particle  upon 
which  it  would  feed,  the  Amoeba  envelops  and  digests  it, 
any  part  of  the  animal  performing  the  functions  of  tentacles, 
mouth,  or  stomach,  as  occasion  requires.* 

A  vast  number  of  kinds  of  animals  have  no  more  or 
higher  animal  characteristics  than  the  Amoeba  has.  Some 
of  these  low  forms,  highly  magnified,  are  shown  in  the 
accompanying  wood-cut  (Fig.  2). 

But  going  upward  in  the  scale  of  animal  life,  we  find 
the  structure  more  and  more  complex,  according  as  the 
animal  is  higher  in  rank,  till  in  those  animals  which  may 
properly  be  called  the  higher  forms,  we  find  an  exceeding- 

*  It  must  be  stated  here  that  Professor  H.  J.  Clark  ( **Mind  in  Nature,*^ 
p.  10)  found  the  Amoeba  Invaiiably  progressing  with  a  certain  part  of  the 
l>ody)  forward ;  and  he  called  this  part  the  head. 
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Ij  complicated  Btrnctnre,  and  e&cb  of  the  maoj  functi(HU 
performed  b;  an  ftppropriate  set  of  orgnns.  Such  anitnala  not 
only  have  organs  by  which  to  secnre  food,  bnt  also  a  stomach 
and  other  reqaisite  organs  to  digest  the  food,  and  to  change 
it  into  blood ;  veesele  called  arteries,  capillaries,  and  veins, 
in  which  the  blood  circnlates  in  all  parts  of  the  body,  and 
thns  nonriehea  every  part ;  a  heart  to  propel  the  blood ; 
Inngs  or  gills,  to  perform  the  functions  of  respiration,  by 
which  the  blood  is  purified ;  glands,  to  form  the  varions 
kinds  of  secretions;  organs  of  excretion,  to  rid  the  body 
of  waste  material ;  muscles,  and  a  skeleton  to  move  the 
parts  of  the  body,  and  by  means  of  which  locomotion  is 
effected ;  organs  for  the  purposes  of  reprodaction ;  a  com- 
1* 
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plicated  nervous  system  to  supply  the  motive  power,  and 
by  means  of  which  the  animal  is  endowed  .with  special 
and  acute  senses,  as  those  of  sights  hearing^  smelly  taste^ 
and  touch. 

Tliose  animals,  then,  which  exhibit  the  animal  structure 
and  functions  in  their  higher  form,  have  the  following 
systems  of  organs,  viz. : 

-^  /  1.  Digestive  system* 

2.  Ahsorbent  " 

3.  Circulatory  " 

4.  Respiraiiory  " 

5.  Secretory  " 

6.  Excretory  " 
Y.  Motatc/ry  " 

\      8.  Heproductive  " 
v^  9.  Nervous  " 

and  each  of  these  systems  of  organs,  as  stated  above,  per- 
forms its  own  peculiar  and  appropriate  functions. 

The  functions  of  animals  are  of  two  classes,  those  of  or- 
ganiQ  or  vegetative  lite,  and  those  of  animal  life. 

The  functions  of  Vegetative  life  are  those  of  nutrition  in 
its  largest  sense,  and  of  reproduction — nutrition  itself  in- 
cluding not  only  digestion,  but  also  circulation,  respiration, 
etc.  These  are  the  functions  which  maintain  life,  and  se- 
cure the  growth  and  multiplication  of  organized  beings ; 
and  they  are  common  to  both  plants  and  animals.* 


*  If  we  enumerate  aU  the  separate  acts  of  which  the  function  of  nutrition 
consists,  and  hy  which  it  is  directly  and  indirectly  carried  on,  we  must  men- 
tion at  least  absorption,  digestion,  circulation,  respiration,  exhalation,  se- 
cretion, excretion,  and  assimilation.  Each  of  these  acts  must  here  he 
briefly  described. 

Al^orptijon^  in  general  terms,  is  the  faculty  or  act  by  which  organisms,  im- 
bibe into  their  tissues  the  fluids  which  surround  them,  or  which  are  contain-. 
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The  functions  of  Animal  life  are  those  of  sensation  and 
voluntary  motion,  as  already  indicated — functions  which 
are  generally  regarded  as  belonging  exclusively  to  animals, 
and  which  bring  them  into  relation  with  the  objects  about 
them  and  with  one  another,  and  hence  are  sometimes 
called  the  functions  of  relation. 

As  regards  the  substance  of  animals,  it  may  be  stated  in 
general  terms,  that  all  parts  of  their  bodies,  the  hard  parts 
as  well  as  the  soft,  are  made  up  of  tissues^ — and  it  may  be 
added  here  that  the  same  is  true  of  plants.     Thus,  bones. 


ed  In  the  cavities  of  their  bodies.  By  absorption,  plants  secure  the  material 
necessary  for  their  nourishment  Animals,  on  tlie  contrary,  especially  the 
higher  animals,  receive  from  without  only  a  small  i>ortion  of  their  nourish- 
ment in  this  way  ;  but  most  of  their  nourishing  material  is,  previous  to  its 
absorption,  elaborated  by  the  digestive  process.  If  we  would  prove  the 
fact  of  absorption  in  animals,  we  may  place  a  frog  in  water,  and  observe 
that  his  weight  is  soon  thereby  increased,  and  this,  too,  even  when  it  is  so 
arranged  that  no  water  enters  tlie  mouth.  If  water  be  introduced  into  the 
stomach  of  any  living  animal,  and  both  orifices  6f  the  organ  dosed,  even 
then  the  water  will  disappear,  being  absorbed  by  the  walls  of  the  stomach, 
whence  it  goes  to  mingle  with  the  blood.  But  the  true  AbaorberU  system^  by 
which  the  nutritive  products  of  digestion  are  secured  to  the  blood,  is  de- 
scribed on  page  48. 

JXgestUmy  circulation,  and  respiration,  have,  for  the  present,  been  suffi- 
ciently noticed  on  page  9.  These  acts  or  processes  will  be  more  fully  ex- 
plained farther  on. 

JBthalation  is  the  escape  of  useless  substances  through  the  external  and 
internal  surfaces  of  the  animal — an  act  depending  upon  the  permeability  of 
the  animal  tissues. 

Secretion  is  a  function  by  which  certain  substances  are  selected  and  elimi- 
nated from  the  blood  by  special  organs  called  glands.  Saliva  is  secreted  by 
the  salivary  glands ;  bile  is  secreted  by  a  glandular  organ  called  the  liver ; 
urine  is  secreted  by  the  kidneys,  and  so  on. 

All  the  functions  and  organs  by  which  the  animal  is  freed  of  the  waste 
products  of  the  body,  are  often  spoken  of  as  the  functions  and  organs  of 
Mocretton.    Tiie  skin,  the  lungs,  and  the  bladder,  are  excretory  organs,  and ' 
perform  excretory  functions. 

AgsimUaium  is  the  act  by  which  the  tissues  are  built  up  from  the  material 
furnished  by  the  blood,  and  by  which  they  are  sustaincil  in  strength  and  in 
growth,  and  by  which,  in  many  cases,  they  are  restored  when  destroyed. 
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membranes,  cartilages,  ligaments,  muscles,  tendons,  nerves, 
etc.,  are  tissues  of  the  animal  body. 

Through  researches  made  by  the  aid  of  the  microscope, 
it  has  been  ascertained  that  all  animal  and  vegetable  tissues 
are  made  up  of  celle^  the  cells  in  most  cases  being  more  or 
less  modified,  according  to  the  nature  of  the  part  of  the 
organism,  ^ay,  in  a  vast  majority  of  cases  they  are  so 
exceedingly  modified,  that  to  the  uninstructed  eye  they 
present  little  or  nothing  of  their  fundamental  form  and 
structure. 

Cells  then,  or  something  nearly  or  quite  equivalent  to 
them,  are  the  ultimate  structural  elements  of  the  animal 
or  vegetable  body,  as  far  as  the  subject  is  now  nnderstood. 
That  is,  when  the  animal  or  vegetable  body  is  analyzed 
to  the  last  degree — ^as  to  the  structure  of  its  various  parts — 
th^  microscopist  comes  to  the  cell,  more  or  less  modified, 
as  the  final  limit  of  his  analysis  (Figs.  3-11). 
f  A  living,  active  cell,  in  its  simplest  form,  is  an  ezceed- 
ingly  minute  vesicle  or  sac,  filled  with  a  more  or  less 
viscid  liquid  named  protoplasm — ^from  protos^  first,  and 
plasma^  from  plasao^  to  form ;  within  the  sac  there  is  a 
central  particle  or  portion  called  the  nucleus,  and  within 
the  nucleus  there  is,  in  many  cases,  a  still  smaller  particle 
called  the  nucleolus.  In  many  cases  there  are  two  or  more 
nuclei  in  a  cell  (Figs.  5,  7,  8).  In  the  liquid  of  the  cell 
there  are  often  seen  many  minute  granules  and  globules, 
besides  the  nucleus.  As  to  the  sac  itself,  or  ceU-wall,  it 
must  here  be  stated  that  it  has  no  structure,  so  far  as  is 
known  ;  that  is,  it  is  structureless.  Chemically  considered, 
ithe  cell-wall  in  animals  consists  of  a  nitrogenous  com- 
pound ;  in  plants,  it  consists  of  the  substance  called  cellu- 
lose, and  is  composed  of  carbon,  hydrogen,  and  oxygep/ 

It  should  be  remarked  here  that  while  our  general  state- 
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Bruobl*!  carlUi^  from  t,  TMpola.  (bowing  oelU  Id  mioiu  pbAH*.  a,  ftnr  eelli, 
formed  by  thedlTlilon  uid  labdlvlilon  of  ooopknnt  cell:  t,  p«ir  o(  cellB  In  wpo. 
dUOD;  c.  DDclel;  d,  OTltj  with  three  oellj.  HignlAed  mbont  BW  dUmeteri. 

meat  made  above  is  tme,  that  animals  are  made  Dp  of 
tiesues,  ^th^e  are  some  kinds  of  animals  so  simple  thai  a 
single  cHl  constitutes  the  whole  animal.  And  the  same  is 
true  of  Bome  kinds  of  plants.  That  is,  there  are  nnicellu- 
lar  aniraalB,  and  unicellular  plante  *  (Fig.  11). 

Nay,  we  must  go  a  step  farther,  and  say  that  microscop 
ists  have  shown  that  the  simplest  or  lowest  animals  and 
plante  are  merely  nucleated  particles  of  protoplasm,  these 
particles  not  even  having  a  cell-wall — that  is,  they  are  not 
inclosed  in  a  sac;  and  that  some  kinds  are  so  simple  that 
the  particles  are  not  even  nucleated. 

And  further,  it  is  pretty  clearly  demonstrated  that  all 
animals,  even  the  highest  forms,  begin  their  embryonic 
existence  as  mere  particles  or  aggregated  particles  of  pro- 


*  Botanlsta  describe  ths  Tegel&ble  celt  M  ecnuitilDg  of — firat,  a  membntnB 
or  fwmuDKnl  ciU-itaU ;  Mcond,  or  a  dellc&te  maclUjfliiooii  film  lining  this 
vrall,  and  cillrd  bj  Hohl  the  primenU^  MHtle  ;  third,  of  a  more  or  lee»  soft 
or  KClatlnoui  body  In  the  center  of  tlie  cell,  and  called  the  ntuiaa  ;  and 
fourth,  of  a  vlacld  liquid  called  pntcfiami,  wblcb  often  bai 
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toplasm,  and  that  out  of  this  ^^  primitive  indifferent  tissue," 
as  it  has  been  called,  all  the  cells  and  tissues,  and  parts  of 
the  animal  body  are  evolved. 

The  egg  or  ovum  of  all  ammah,  even  of  the  higheH,  ie  eseentiaUif  a 
eeU,  and  may  he  taken  as  the  type  of  all  cells.  From  this  cell  all  the 
other  cells  and  parts  of  the  animal  body  are  developed ;  the  peculiar 
process  called  segmentation  of  the  yolk  being  the  beginning  of  the  for- 
mation of  new  cells  within  the  parent  cell  or  ovum. 

It  must  be  added  here,  however,  that  at  its  very  beginning  the  ovum 
or  egg  itself  is  something  even  much  simpler  than  a  cell,  being  merely 
a  minute  particle  of  fluid  matter,  that  is,  mere  protoplasm. 

/Animals  and  plants  are  called  Organic  bodies  or  Organ- 
'ized  beings,  because  they  are  made  up  of  tissues,  as  ex- 
plained above ;  while  all  mineral  substances — as  crystals, 
earth,  water,  and  gases — are  called  Inorganic  bodies,  be- 
cause they  have  not  this  structure.^' 

/Chemically  speaking,  it  may  be  stated  in  general  terms 
that  animal  tissues  are  mainly  composed  of  carbon,  hydro- 
gen, oxygen  and  nitrogen ;  while  the  first  three  elements, 


of  sniall  granules  floating  in  it,  and  which  fills  the  space  between  the  nu- 
cleus and  the  lining  membrane  or  pi-lmordial  utricle,  already  mentioned.— 
Bee  Gray*s  Structural  and  Systematic  Botany. 

Via.  11. 


VarioQQ  phases  of  the  deyelopinent  of  aunioeUQlar  pUuit,  PtUmoglaa  macrocncca;  » 
plant  'Vfhich  spreads  as  a  green  slime  over  dunp  walls,  etc.  A*  a  ftill-grown  cell ;  B, 
C,  n,  ]E6;  sncoeisire  stages  of  one  eeU  dividing  into  two. 
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namolj,  carbon,  hydrogen,  and  oxygen,  are  the  chemical 
elementB  wliicb  make  up  the  vegetable  tisBuee.  This  is 
trne  only  as  a  general  etatemeat,  aud  for  the  higher  forms ; 
the  lowest  forms  of  both  animals  and  plants  in  many 
caees  are  composed  of  the  same  diemical  componnds,  dif- 
rering  only,  or  mainly,  in  degreOj/       ^ 

Although  there  are,  apparently,  many  sorts  of  tieenes  in 
the  animal  Btructnre,  and  although  various  names  are  given 
to  the  different  forms  under  which  the  tisenes  appear,  they 
are  really  only  modificatione  of  a  few  distinct  kinds,  snch 
as  the  Cellular  or  Oonaective,  the  Mnscnlar,  and  the  Ner- 
vodS. 

/  Cettvlar  tiisue — also  better  called  Connective,  Areolar, 
and  Fibrons  tieene — is  composed  of  filaments  varionsly  in< 
terlaced,  and  small  plates  or  layers  irregularly  united,  thog 


leaving  spaces  or  cavities  between  them.    This  tifisue  is 
the  most  abondant  of  all  the  materials  of  the  body.    It 


s 
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forms  the  whole  Bubetanoe  of  the  lowest  animals,  and  in 
the  higher  animals  it  not  only  connects  as  well  as  separates 
organs,  but  also  enters  largely  into  their  structure.  It  is 
this  tissue  which  forms  mainly  the  skin,  and  also  the 
mucous  and  other  membranes  of  the  animal  body.  It 
ensheathes  the  muscles  and  the  bones,  and  is  the  tissue  in 
which  gelatine  is  accumulated  for  the  formation  of  the  car- 
tilages, and  the  mineral  substances  for  the  formation  of  the 
bones  themselves ;  and  it  constitutes  almost  the  whole  sub- 
stance of  the  ligaments  and  tendons;  and  it  is  among  its 
meshes  that  the  fat  of  the  body  is  accumulated  (Fig.  12). 
In  a  word,  it  has  been  shown  by  anatomists  that  so  com- 
pletely does  this  cellular  or  connective  tissue  invest  and 
enter  into  all  the  organs  of  the  body,  even  of  the  highest 
animals,  that  if  all  the  other  tissues  could  be  removed 
without  disturbing  this  one,  a  perfect  model  of  all  the  or- 
^ps  would  be  left,  composed  of  this  tissue  alo^ej,-  " 
f  Mvscalar  tisstie  constitutes  the  part  of  the  animal  body 
which  is  called  the  flesh  or  muscles — ^tliat  is,  the  parts 
familiar  to  every  one  as  lean  meat.  This  tissue  is  com- 
posed of  fibers  which  have  the  property  of  contraction. 

There  are  two  principal  kinds  of  muscle — the  striated 
and  the  unstriated  muscle. 

Striated  mtuele  includes  aU  the  ordinary  muBcles  of  the  tmnk  and 
limbs  of  the  Vertebrate  animals.    It  consists  of  bundles  pf  fibers,  each 

Fio.  15.  Fzo.  16. 
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Primitlye  bundle  of  mnsde  magnified  8S0  End  Tlev  of  Fig.  IS, 

diameten,  partly  MpuMted  into  diski.  more  magnified. 

bundle  of  which  is  made  up  of  smaller  bundles,  and  so  on,  until  the 
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primitiTe  bundle  1b  reached,  uid  th&t  is  made  up  of  microBoopb  Rbere 
termed  fibrillie.  Each  primitive  boodle  is  enveloped  in  a  strong,  elu- 
tic  membrone  or  eheath,  called  the  Barcolemma.  Wlien  the  Barcolem- 
ma  is  torn,  the  fiber  divides  into  thin  minute  flbrillffi,  or  more  rarely 
breaks  into  diBka,  aa  seen  in  Fig.  18.  Each  one  o(  the  Bbrilln  presents 
dark  and  light  parts  alternating  regnlarly  with  each  other,  and  corre- 
sponding eiactlf  with  the  diHtances  of  the  truurerM  strin  on  the  entire 
fiber  itself. 

Fio.  IT. 


Btrblsd  nrasfmlu  flbar  lepuitf ng  into  Bbrlllc.    lUgniaed. 

Ah  alreadf  Indicated  on  the  ITth  page,  the  bandies  of  flben  mention' 
ed  above  are  all  euTeloped  in  and  bound  together  by  connective  tisene, 
which,  at  the  same  time,  eapports  all  the  vessels  and  nerves  of  the 
mnsele,  and  which,  in  some  caeefl,  also  extends  In  the  form  of  a  aheath 
or  fasda,  over  the  whole. 

UrutriaUd  mtuele  ooneista  of  elongated  band-lUce  fibers,  often  called 
fiber-cells,  each  of  which  has  an  elongated  nDcleoa.  These  fibers  are 
withoat  atris  and  (hey  have  no  sarcolemma,  and  they  do  not  bre«k  np 
Into  fibiillte.  These  fibers  are  moat  abundant  in  the  hollow  viscera, 
snch  as  the  stomach,  Inteetines,  bladder,  etc.;btitUiey  also  occur  In  the 
arteries,  veins,  etc. 

'  '  N^ervoua  ttsaue  is  soft  and  generally  whitish  in  color. 
It  constitutes  the  brain,  ^inal  cord,  and  all  the  nerves,  and 
is  the  seat  of  sensation. 

As  already  stated,  the  kinds  of  animals  are  exceedingly 
numerous.  Tlie  number  of  kinds  ia  not  known,  bnt  may 
be  safely  estimated  as  high  as  a  million,  or  even  higher ; 
the  small  and  microscopic,  however,  comprise  an  immense 
majority  of  the  whole  number. 
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If,  in  order  to  become  acquainted  with  the  Animal 
Kingdom,  it  were  necessary  to  study  all  the  kinds  of  ani- 
mals, one  by  one,  a  life-time  would  be  much  too  short  to 
gain  a  knowledge  of  the  subject.  But  it  is  an  interesting 
and  encouraging  fact,  that  the  Animal  Kingdom  has  been 
so  constructed  by  the  Creator,  that,  by  the  thorough  study 
of  a  few  animals,  we  may  learn  the  most  important  facts 
and  principles  concerning  all  animals. 

And  a  is  absolutely  essential  for  the  student  of  Zoology 
to  become  thoroughly  acquainted  with  a  few  of  the  typical 
forms  of  anim^,  by  studying  the  omimdls  themselves j  if 
he  would  have  any  clear  and  definite  conception  of  the 
Animal  Kingdom,  and  of  Zoology  as  a  science. 

Ever  since  men  began  to  study  animals,  they  have  en- 
deavored to  classify  them.  That  is,  they  have  endeavored 
to  observe  how  the  diiferent  kinds  are  related  to  one 
another,  and  to  express  that  relation  in  written  language. 
And  it  may  be  stated  hei'e,  that  the  investigation  of  the 
true  relations  or  affinities  of  animals  with  one  another,  is 
one  of  the  highest  departments  of  study  connected  with 
the  science  of  Zoology.  And,  as  one  of  the  results  of  this 
sort  of  study,  naturalists  have  learned  that  the  Animal 
Kingdom  may  be  divided  into  more  or  less  distinctly-marked 
groups.    These  groups  have  been  named 

BRANCHES, 

CLASSES, 
OEDERS, 

FAMILIES, 

GENERA, 

and  SPECIES. 

That  is,  the  Animal  Kingdom  is  divided  into  Branches, 
each  branch  into  Classes,  each  class  into  Orders,  each  order 
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into  Families,  each  family  into  Genera,  and  each   genns 
into  Species  composed  of  individuals  essentially  alike. 

These  groups  must  not  be  regarded  as  mere  artificial 
contrivances ;  on  the  contrary,  they  rest  on  a  natural  basis. 
^And,  according  to  Agassiz  : 

Branches  are  characterized  by  plan  of  structure. 

Classes,  hy  the  manner  in  which  the  plan  is  executed,  as  far  as  ways 
and  means  are  concerned. 

Orders,  by  the  complication  of  structure. 

Families,  by  form,  as  determined  by  structure. 

Genera,  by  details  of  execution  in  special  parts. 

Species,  by  the  relation  of  individuals  to  one  another,  as^eU  as  by 
the  proportion  of  their  parts,  their  ornamentation,  etc  ^^       a 

That  is,  according  to  this  view,  certain  charactersMeter- 
mine  the  Branch,  certain  others  the  Class,  others  the  Or- 
der, others  the  Family,  others  the  Genus,  and  others  still 
the  Species. 

These  principles  of  classification,  however,  are  not  uni- 
versally recognized  and  fully  applied ;  but  most,  or  many 
naturalists  designate  at  least  the  subordinate  groups  by  a 
combination  of  characteristics  more  or  less  different  from 
one  another  in  their  nature. 

But  it  must  be  stated  here  that  all  scientific  classification 
of  animals  is  based  essentially  upon  structure — ^upon  struc- 
ture, and  upon  form  as  determined  by  structure.  This  is 
strictly  true  unless  we  find  an  exception  in  the  fact  that, 
in  deciding  upon  species,  we  must  also  consider  size  and 
color. 

As  a  simple  illustration  of  the  natural  groups  of  animals 
enumerated  above,  it  may  be  stated  that : — 

All  animals  which  have  a  back-bone  constitute  one 
Branch  called  the  Vertebrates ; 

All  of  the  back-boned  animals  which  are  covered  with 
feathers,  and  organized  for  fiight,  constitute  one  Olass,  called 
the  Birds ; 
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All  birds  which  are  specially  fitted  by  their  stmctare  and 
form  for  capturing  other  birds  and  quadrupeds  for  food, 
constitute  one  Order,  called  the  Baptores  or  Birds  of  Prey ; 

All  birds  of  prey  which  liave  the  head  covered  with 
feathers,  and  the  eyes  on  the  sides  of  the  head,  and  more  or 
less  sunken,  constitute  one  Family,  called  the  Falconidse ; 

All  of  the  members  of  the  Falcon  Family  which  have  the 
bill  short,  and  strongly  carved  from  the  base  to  the  tip, 
and  which  have  a  distinct  homy  tooth  in  each  side  of  the 
upper  .mandible,  constitute  one  Genus,  the  true  Falcons ; 

All  the  members  of  the  genus  of  Falcons,  which  are 
essentially  like  our  common  Duck  Hawk  {Falco  (matum\ 
constitute  one  Species ;  all  that  are  essentially  like  our 
common  Sparrow  Hawk  {Falco  ^arverius)^  constitute 
another  species;  and  so  on.* 

Other  Branches,  Classes,  Orders,  etc.,  of  the  Animal 
£ingdom  are  formed  in  a  similar  manner. 

Cuvier  recognized  four  great  Branches  or  Types  in  the 
Animal  Kingdom — the  Yertebrata,  the  Articulata,  the 
MoUusca,  and  the  Badiata.  Most-— or  at  least,  many — ^nat- 
uralists of  the  present  day  recognize,  in  addition  to  these, 
a  fifth  group,  called  the  Protozoa,  including  a  vast  num- 
ber of  small,  minute,  and  microscopic  organisms,  together 

*  The  quesUoD,  **  What  is  a  species  ?  "  has  never  been  answered  to  the  en- 
tire satisfaction  of  aU  naturalists.  But  practically  we  may  refer  to  a  given 
species  aU  those  indtvidnals  that  are  essentially  alike ;  so  essentially  alike 
that  there  is  sufficient  evidence  for  believing  that  they  have  descended  from 
one  pair  or  a  common  ancestry. 

The  doctrine  held  by  many  distinguished  naturalists — that  In  a  certain 
sense  off  animals  have  had  a  common  origin,  that  is,  that  our  present  "spe- 
cies "  have  been  evolved  from  other  and  earlier  species,  and  the  latter  from 
still  earlier  species,  and  tliat  in  the  beginning  of  life  on  the  globe  there  were 
only  a  few  simple  forms,  and  probably  only  one-  simple  form — cannot  be 
dwelt  upon  here.  For  the  views  of  these  naturalists,  as  to  the  **  Origin  of 
Species,'*  and  as  to  the  doctrine  of  "  Evolution,*'  see  tiie  writings  of  Darwin, 
Haxley,  Mivart,  Cope,  Hyatt,  GUI,  and  others. 
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with  the  sponges.     So  that  the  great  Branches  or  Types 
— or  Sub-kingdoms — of  the  Animal  Kingdom  arc : — 


/ 


I.  TEBTEBBATA, 

^  Induding  all  animals  which  have  an  internal  jointed  skeleton, 
and  a  brain  and  spinal  cord  along  the  dorsal  side  ;  as  Man  and  other 
Mammals,  Birds,  Reptiles,  Batrachians,  and  Fishes. 

II.  ARTICULATA, 

Embracing  all  animals  which  have  the  bodj  made  up  of  a  series  of 
rings  or  joints,  with  the  hard  parts,  when  present,  outside,  and  the 
nervous  centers  mainly  on  the  ventra]  side ;  as  Insects,  Lobsters, 
Worms,  etc. 

III.  MOLLUSCA, 

Comprising  all  animals  which  have  a  soft  body  inclosed  in  a  mus- 
cular sac,  with  or  without  a  shell,  and  which  are  neither  jointed  nor 
radiated  in  their  structure ;  as  Cuttle-Fishes,  and  Squids,  Snails,  Clams, 
Oysters,  etc. 

IV.  RADIATA, 

Including  all  animals  which  have  a  radiated  or  star-shaped  struc- 
ture ;  as  Star-Fishes,  Jelly-Fishes,  Sea- Anemones,  etc. 

V.  PKOTOZOA, 

Including  all  animals  which  are  not  constructed  according  to  the 
plan  exemplified  in  any  of  tho/four  preceding  branches  ;  as  Infusoria, 
Sponges,  and  Rhizopods.      / 

Of  the  five  great  Branches  enumerated  above,  the  Pro- 
tozoans are  the  lowest,  and  the  Vertebrates  the  highest. 
Of  the  four  besides  the  Protozoans,  the  Radiates  are  the 
lowest.  As  to  the  two  groups  Mollusks  and  Articulates, 
it  is  not  easy  to  say  which,  on  the  whole,  is  the  higher ; 
although  the  higher  rank  is  generally  accorded  to  the  Ar- 
ticulated. 

In  order  to  express  the  relations  of  these  great  groups, 
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as  regards  their  higher  and  lower  rank,  some  naturalists 
write  their  names  thus : 

VERTEBBATA. 
ABTICULATA. .  MOLLUSCA. 

RADIATA. 

PROTOZOA. 

And  here  a  word  of  explanation  is  due  in  regard  to  the 
rank  of  animals.  In  one  sense,  all  animals  are  alike  per- 
fect. Each  is  perfectly  adapted  to  fulfill  its  own  peculiar 
office  in  the  economy  of  nature.  In  this  sense,  every  ani- 
mal is  perfect.  But  in  regard  to  organization  there  is,  as  al- 
ready stated,  every  grade,  from  those  of  the  most  extreme 
simplicity,  and  with  the  most  simple  functions,  to  those 
of  the  highest  possible  complication,  and  with  the  most 
numerous,  varied,  and complicatedf unctions.  Now, an  ani- 
mal  is  higher  according  to  its  higher  complication  of  struc- 
ture, and  hence,  its  more  numerous  and  varied  functions. 

PBiNcnpAi«  Topics  considibbbd  in  Chaftbb  I. 

Zoology  defined. Origin  and  meaning  of  the  name. Forms  vrhUHk  all  recognize 

aa  animalo. ^Tlie  dlfflcnlty  of  defining  animala.— — Animala  defined,  in  geoeral 

terma.  •»— Plants  defined. Movements  of  plants. Ckief  province  of  the  Vege- 
table Kingdom. ^Mode  of   reproduction  in  animals;  in  plants. Forms  and 

grades  of  animals. ^The  Animal  Kingdom. Animals  of  all  riaes. Animals 

found  almost  everywhere. Zoology  treats  of  form,  strnctare,  development,  etc 

This  science    established  by  Aristotle,   linnens,  and  Covier. ZoOlogy  a 

science  of  the  highest  importance. The  rehitions  which  animala  hold  to  Kan. 

' Zoology  in  its  relations  to  Man. Relations  of  ZoOlogy  to  Geology. Zo- 

(Uogy  as  an  educational  branch. Lower  and  higher  forms  of  animals. Sys- 
tems of  organs  in  the  higher  animals. Functions  of  animals  considered. 

/iwimfU  and  plants  composed  of  tissaes. Tissues  made  up  of  cells. Cells  de- 
fined.  Some  kinds  of  animals  only  simple  cells. The  lowest  animals  even 

simpler  than  a  cell. Protoplasm. The  egg  essentially  a  cell. Organic,  and 

Inorganic  bodies. Chemicid  composition  of  animal  tissues  :  of  plant  tissues. 

Kinds  of  animal  tissues. Cellular  tissue. ^Muscular  tissue. — >Kinds  of 

muscle. Striated  muscle. ^Unstriated  muscle. Nervous  tissue. Number 

of  kinds  of  animala. — Impossible  to  study  all  kinds  of  animals  one  by  one. 

The  most  important  facts  and  principles  of  ZuOlogy  learned  by  the  study  of  a  few 

kinds   of    animals. Absolutely  necessary  to   study   animals   themselves. 

Classification  of  animals. Names  of  the  Kinds  of  groups  recognized. ^These 

groups  not  mere  artificial  contrivances. ^A  simple  illustration  of  the  natural 

groups. ^The  four  great  Branches  or  Types  of  Cuvier. The  five  great  Branches 

now  generally  recognized. Vertebrata. Articulata. ^Mollnsea. ^Radiata. 

Protosoa. Relative  rank  of  these  Branches. Rank  of  animals  in  general. 


CHAPTER  H 

THE  VEBTEBBATA  OE  VEBTEBRATEa 

SECTION  I. 

THE  VEBTEBRATES  CONSIDEBED  AS  A  BRANCH. 

■ 

As  already  stated  on  a  previous  page,  the  Branch  of 
Vertebrates  includes  all  animals  which  have  an  internal 
jointed  skeleton.  The  form  of  this  skeleton  as  it  appears 
in  Man  and  Birds  is  shown  in  Figs.  24  and  26. 

The  skeleton  of  the  Vertebrates  forms  the  frameworj: 
of  the  body,  and  to  this  framework  the  flesh  is  attached, 
and  outside  of  the  whole  is  the  skin,  which  is  naked,  or 
I  covered  with  hair,  fur,  wool,  feathers,  scales,  or  plates,  ac- 
cording to  the  kind  of  animaLjf 

^he  most  important  portion  of  the  skeleton,  or  the 
portion  which  is  the  most  constantly  present,  and  that 
to  which  all  the  others  are  directly  or  indirectly  attached, 
is  the  axis,  called  the  spinal  column  or  back-bone,  at  the 
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e 
A  Vertebra. 

c,  centmm  or  main  body  of  the  vertebra;  n,  nenral  canal;  f,  transTerse  process; 
ns,  neural  spine. 

anterior  end  of  which  is  the  brain-cavity  or  cranium.   This 
column  is  made  of  parts  called  vertebrae — a  single  part  a 
vertebra,  from  the  Latin  vertOy  to  turn,  I 
2  ^ 
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Within  the  cranium  there  is  an  organ  called  the  brain, 
from  which  there  is  a  branch  called  the  epinal  cord,  ex- 
tending the  whole  length  of  the  body,  and  contained  in 
an  elongated  cavity  or  tube  formed  by  the  processes 
arising  from  the  upper  side  of  the  centrums  or  main  bodies 
of  the  vertebrse. 
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CerebriHpinU  Bjtiem  of  tbe  blghest  yerteticate— Uu. 
■1  cerebrnm,  or  prlodpil  bnln,  ailed  the  hemiapheieB ;   b,  ceretMllam,  or  muUer 
bnln ; «,  spliial  cord  g(vliig  off  Iti  bnncheB  oT  nerves. 

The  position  of  the  brain  has  already  been  indicated. 

From  the  brain  and  spinal  cord  there  are  branches  calle** 
nerves,  which  extend  to  all  parts  of  the  body.  * 

The  brain,  spinal  cord,  and  their  branches,  constitute 
the  Cerebro-spinal  system — the  principal  part  of  the  whole 
Nervoofl  system — which  is  much  the  same  in  its  general 
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ila;  d,  clavicle;  cd,  corocold, 
formerly regitdedutheGlkTicle;  tf ,  ■temnm ;  k. hamerus ;  u.d1[U>;  r, ndlaa ; c cu- 
pOB;  me.  meCBurpiui  ^audU.  pbsluigei,  lA  being  tbe  (htunb;/^  ttana;fl,  SbulB 
and  tlblB,  mare  or  less  onlted ;  I,  tlbin.  wbere  tha  flbnla  Is  no  longer  seen,  nr  oal; 

ju>  pUalangfiSp  or  bone§  of  the  toea. 

form  in  all  tlie  Vertebrates,  differing  only  or  mainly  in 
degrees  of  development  and  in  special  characteristics.  This 
system  as  it  exiets  in  the  highest  vertebrate — Man — is 
shown  in  Fig.  25. 

Below  the  spinal  column — before  it  in  erect  Man — 
there  is  a  cavity  for  the  heart,  the  organs  of  digestion, 
and  other  organs  which  perform  the  functions  of  vegeta- 
tive life,  that  is,  the  functions  of  nntrition,  etc. 

Although,  in  defining  the  Vertebrates,  it  is  sufficient,  in 
most  cases,  to  make  special  reference,  as  we  have  now  done, 
to  the  spinal  column   and   internal   skeleton,  it  must  he 
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stated  here  that  there  are  many  animals  belonging  to  this 
branch  which  have  the  skeleton  in  the  condition  of  cartila^, 
as  in  the  fishes  known  as  sharks,  skates,  and  sturgeons 
(see  Figs.  301,  294,  309),  and  others,  as  the  fishes  known 
as  the  amphioxus,  hag,  etc.  (see  Figs.  361, 362),  which  have 
no  skeleton,  not  even  a  back-bone,  nor  any  hard  parts  what- 
ever. 

/Therefore,  to  meet  all  cases,  the  Vertebrates  may  be  de- 
fined as  animals  having  an  elongated,  bony,  or  cartilagi- 
nous, or  soft  axis,  with  an  elongated  cavity  or  tube  above 
this  axis,  containing  the  brain  and  spinal  cord,  and  called 
the  spinal  cavity  or  neural  canal,  and  a  tube  or  elongated 
cavity  below  this  axis,  containing  the  heart,  the  digestive 
organs,  and  other  organs  of  vegetative  life,  and  some- 
times called  the  hsemal  arch  or  haemal  cavity — ^from  the  Gr. 
haima^  blood.TY  So  that  a  longitudinal,  and  a  transverse 
section  of  any  vertebrate  animal,  the  lowest  as  well  as  the 
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A  transverse,  and  a  longitudinal  section  of  a  Vertebrate. 

a,  alimentary  canal ;  ft,  heart ;  c,  cerebro-spinal  center;  «,  sympathetic  system;  n, 
notochord  ;  m,  month— Huxley. 

highest,  are  represented  by  the  accompanying  diagrams. 
In  a  word,  all  the  Vertebrates  are  constructed  according  to 


*  The  cavity  below  the  axis  of  the  body,  that  is,  the  haemal  cavity,  corre- 
tpondti  to  the  whole  interior  of  the  body  of  the  Itwertebrale  animals  ;  the  cerebro- 
spinal canal  has  no  homologue,  that  is,  it  has  nothing  to  represent  it,  in  the 
Invertebrata. 
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one  and  the  same  plan — they  are  higher  and  lower  exprea- 
eioue  of  one  and  the  same  style  of  animal  architecture. 

It  may  be  added  here,  that  in  all  the  Vertehrata,  except 
the  amphioxus,  the  neural  canal  widens  in  the  anterior  end 
of  the  body,  in  accordance  with  the  greater  size  of  the 
nervous  mass  which  it  incloseB. 

Although,  as  just  explained,  a  skeleton  of  bony  material 


of  ■  truureree  ■ectlon  of  Uie  Bliaft  of  Uie  humeius.    a.  HkvecMmi  caoaliii  b, 
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does  not  exist  in  all  vertebrates,  it  is  only  in  animals  of 
this  branch  that  true  bones  occur.  Hard  parts,  it  is  true, 
exist  in  most  or  many  of  the  animals  belonging  to  the 
other  great  branches  of  the  animal  kingdom ;  but  the 
hard  parts  of  polyps,  of  star-fishes,  and  of  sea  urchins,  the 
homy-like  covering  of  beetles  and  some  other  kinds  of  in- 
sects, and  the  still  harder  covering  of  crabs  and  lobstere, 
the  shells  of  snails,  oysters,  and  clams — ^all  are diflTerent,  in 
very  important  particulars,  from  the  bony  material  or  hard 
parts  of  the  Vertebrates. 

fBones  are  composed  of  animal  matter  more  or  less  ex- 
tensively inipregnated  with  earthy  materials,  especially 
with  phosphate  and  carbonate  of  lime,  and  throughout 
whose  substance  are  minute  cavities  called  lacunse,  which 
send  out  many  much  more  minute  ramifications  known  as 
canaliculi.  Most  bones  are  traversed  by  a  network  of  small 
canals,  containing  vessels  which  are  supported  by  connect- 
ive tissue  and  fatty  matter ;  these  are  called  Haversian  ca- 
nals, and  they  open  upon  the  surface  of  the  bone,  and  there 
the  vessels  which  they  contain  become  connected  with 
those  of  the  tough  connective  tissue  which  immediately  in- 
vests the  living  bones,  and  which  is  known  under  the  name 
of  periosteuny 

Bones,  theb,  in  the  living  vertebrates,  we  are  to  under- 
stand, are  living  and  vascular  animal  tissues,  as  truly  so  as 
the  flesh  or  any  other  tissues  of  the  body,  growing  and 
changing  by  internal  additions  and  modifications  in  essen- 
tially the  same  manner  as  the  other  tissues  of  the  body 
grow  and  change,  and  having  the  same  or  similar  powers 
of  repairing  an  injury  as  the  other  tissues  have. 

On  the  contrary,  the  shells  of  snails  and  clams  grow  and 
change  only  by  additions  to  and  modifications  of  the  cir- 
cumference ;   and,  if  broken,  the  parts  do  not  really  grow 
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together,  as  do  tlie  parts  of  a  broken  bone,  but  they  are 
taaerely  cemented,  or,  as  it  were,  soldered  together  by  new- 
ly-added portions  of  the  shell-substance. 

As  to  the  origin  of  the  skeleton,  it  may  be  stated  that  it 
is  not  in  any  case  a  primary  formation ;  that  is,  it  does  not 
at  once  appear  as  a  bony  structure  in  any  animal ;  but,  on 
the  contrary,  it  is  the  result  of  successive  changes  which 
take  place  in  pre-existing  tissues. 

The  central  basis  of  the  skeleton  appears,  in  the  embryo 
of  every  vertebrate  animal,  as  a  cylindrical,  fibrous  sheath 
filled  with  simple  cells  containing  a  jelly-like  substance; 
this  constitutes  what  anatomists  call  the  chorda-dorsalis  or 
notochord,  and  it  is  from  this  notochord  that  the  centrums, 
that  is,  the  main  bodies  of  the  vertebrse,  are  developed. 

And,  in  general  terms,  it  may  be  stated  that  in  tlie 
place  of  every  bone  in  a  vertebrate  animal,  there  is  at  first 
only  a  clear  soft  substance.  In  the  development  and 
growth  of  the  animal  this  substance  becomes  progressively 
more  and  more  firm,  acquiring,  in  turn,  the  nature  of 
membrane  or  ligament,  and  then,  perhaps,  of  cartilage ;  and 
then  ossification  or  real  bone-making  next  ensues.*  The 
ossification,  or  the  introduction  of  the  earthy  particles,  that 


*  The  cliemical  composition  of  the  skeleton  in  four  prominent  kinds 
of  vertebrate  animals,  is  shown  in  the  following  table  from  Owen : 


Phosnhate  of  lAme  with  a  trace  of 
Filiate  of  Lime 

Carbonate  of  Lime 

Phosphate  of  MagneHa 

Stdphate,  Carbonate,  and  Chlorate 
of  Soda 

Gluten  and  Chondrin 

OU 


VAN. 

HAWK. 

TOBTOIBE. 

59.63 
7.33 
1.32 

0.69 

29.70 

1.33 

64.39 
7.03 
0.94 

0.92 

25.73 

0.99 

52.66 

12.53 

0.82 

0.90 

31.75 

1.34 

100.00 

100.00 

100.00 

COD. 


57.29 
4.90 
2.40 

1.10 

32.31 

2.00 

100.00 
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is,  phosphate  and  carbonate  of  lime  and  other  substances, 
does  not  take  place  uniformly  throughout  the  whole  extent 
of  the  pre-existing  tissue,  but  only  at  certain  points,  called 
centers  of  ossification,  and  from  these  points  the  ossification 
or  bone-making  extends,  so  as,  at  length,  to  make  complete 
the  whole  bone. 

The  mouth  of  the  Vertebrates  has  two  jaws ;  and,  except- 
ing in  the  Birds  and  Turtles,  these,  with  comparatively 
few  exceptions,  are  armed  with  teeth,  which  may  be 
noticed  here,  although  teeth  are  not  regarded  as  really  a 
part  of  the  true  skeleton  (see  p.  55). 

The  teeth  of  vertebrate  animals  are  bone-like  in  their 
general  appearance.     But,  although  they  are  in  part  com- 


Fig.  32. 


Fig.  38. 


Fia.84. 


Longitudinal  Section  of  a  Molar  Enamel  Fibers  of  Human 

tooth  of  Man.    Enlarged.  tooth.  Mag.  350  diam- 

a,  enamel;  b,  pulp-cavity;  c,  ce-  eteru. 
ment;  dt  ivory  or  dentine. 


Sur&ce  of  the  enamel, 
with  the  ends  of  the 
enamel  fibers.  Calf. 
Mag.  360  diameters. 


posed  of  bony  material  called  cement,  they  are  mainly 

composed  of  substances  called  dentine  and  enamel,  the 

dentine  being  the  chief  constituent. 

J^/l>entine  or  ivory  differs  from  bone  mainly  in  containing 

^    less  animal  matter^  in  being  denser,  and  in  having  no  lacunse 

or  canaliculi.    Dentine  has  exceedingly  fine  tubes  for  the 

passage  of  the  plasma,  that  is,  the  colorless  fluid  of  the 

blood,  through  its  substance  ;  but,  unlike  bone,  it  does  no| 
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have  tubes  of  suflScient  size  to  allow  of  the  passage  of  the 
red  particles  of  the  blood. 

Enamel  is  still  denser  and  harder  than  dentine ;  it  is  the 
hardest  of  all  the  tissues  of  the  animal  structure,  and  con- 
tains less  animal  matter  than  any  other  tissue. 

Excepting  in  a  few  kinds,  such  as  the  halibut,  flounder 
(Fig.  338),  and  fishes  closely  related  to  these,  the  organs 
of  the  Yertebrates  are  arranged  in  pairs  on  the  two  sides  of 
the  body.  The  eyes  are  two  in  number,  ears  two,  and  the 
locomotive  appendages  never  exceed  four.  And  the  loco- 
motive organs  are  directed  towards  the  heart,  and  not  to- 
wards the  nervous  centers  as  in  the  Invertebrata. 

All  the  Vertebrates — excepting  only  the  fish  known  as 
the  amphioxus — have  red  blood  which  is  propelled  through- 
out the  system,  in  veins  and  arteries,  by  a  muscular  organ 
called  the  heart. 

The  blood  of  all  the  Vertebrate  animals  is  composed  of 
a  colorless  or  yellowish  liquid  called  plasma,  and  exceed- 
ingly minute  particles  called  corpuscles  or  disks  which  float 
in  the  plasma.  These  corpuscles  vary  greatly  in  form  and 
size  in  diflEerent  animals  (Figs.  35— il). 
,'  ^^he  corpuscles  of  the  blood  of  the  Vertebrateis  are  of  two 
kinds — red  corpuscles  and  colorless  corpuscles — ^the  former 
being  much  more  numerous  than  the  latter^ 

*  **  That  the  red  corpuscles  are  in  some  way  or  other  derived  from  the  col- 
orless corpuscles,  may  be  regarded  as  certain  ;  but  the  steps  of  the  process 
have  not  been  made  out  with  perfect  cei*tainty.  There  is  very  great  reason, 
however,  for  believing  that  the  red  corpuscle  is  simply  the  nucleus  of  the 
colorless  corpuscle  somewhat  enlarged  and  flattened  from  side  to  f^ide ; 
changed,  by  development  within  its  interior  of  a  red  coloring  matter,  and  set 
free  by  the  bursting  of  the  sac  or  wall  of  the  colorless  corpuscle.  In  other 
words,  tlie  red  corpuscle  is  a  free  nucleus." 

**  The  origin  of  the  colorless  corpuscles  themselves  is  not  certainly  deter- 
mined, but  it  is  highly  probable  that  they  are  constituent  cells  of  certain 
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In  form,  blood  corpuscles  are  circular,  oval,  or  ellipti- 
cal, and,  as  already  indicated,  more  or  less  flat  and  disk* 
like.  In  all  the  Mammalia  they  are  circular,  except  in  tlie 
Camel  family  in  which  they  are  elliptical:  In  Man  their 
two  broad  surfaces  are  somewhat  concave,  as  plainly  seen 
in  those  which  have  their  edges  turned  towards  the  observ- 
er (Fig.  35).  In  some  kinds  of  animals  their  two  broad 
surfaces  are  convex,  as  in  the  Ostrich,  Triton,  Stickleback, 
etc.  (Figs.  37,  38,  40). 

In  some  kinds  of  the  Vertebrata,  as  in  Man,  the  red  cor- 
puscles of  the  blood  are  so  minute  that  it  would  take  more 
than  10,000,000  of  them  to  cover  a  square  inch  of  surface ; 

parts  of  the  solid  substance  of  the  body  which  have  been  detached  and  car- 
ried into  the  blood,  and  that  this  process  is  cliiefly  effected  in  what  are  called 
the  ductless  ^ndSy  from  whence  the  detached  cells  pass,  as  lymph  covpusda^ 
directly  or  indirectly  into  the  blood." 

^*The  following  facts  are  of  importance  in  their  bearing  on  the  relation 
between  the  different  kinds  of  corpnsdes  : 

**(a).  The  invertebrate  animals  which  have  tme  blood  corpuscles,  possess 
only  such  as  resemble  the  colorless  corpuscles  of  man." 

**  (p.)  The  lowest  vertebrate  animal,  the  Lancelet  ( Amphiozus),  possesses 
only  colorless  corpuscles ;  and  the  very  young  embryos  of  aU  vertebrate  ani- 
mals have  only  colorless  and  nucleated  corpuscles." 

"  (c.)  All  the  vertebra  ted  animals  the  young  of  which  are  bom  from  epgs, 
have  two  kinds  of  corpuscles — colorless  corpuscles,  like  those  of  man,  nnd 
large  red-colored  corpuscles,  which  are  generally  oval,  and  further  differ 
from  those  of  man  in  presenting  a  nucleus.  In  fact,  they  are  simply  tlie 
colorless  corpuscles  enlare^ed  and  colored." 

**((2.)  All  animals  which  suckle  their  young,  have,  like  man,  two  kinds  of 
corpuscles— colorless  ones,  and  small,  colored  corpuscles — ^the  latter  being 
always  flattened  and  devoid  of  any  nucleus.  They  are  usually  circular, 
but  in  the  camel  tribe  they  are  elliptical.  And  it  is  worthy  of  remark,  tliat 
in  these  animals  the  nuclei  of  the  colorless  corpuscles  become  elliptical." 

**  (e.)  The  colorless  corpuscles  differ  much  less  from  one  anotlier  in  size  and 
form,  in  the  vertebrate  series,  than  the  colored.  The  latter  are  smallest  in 
the  little  Musk  Deer,  in  which  animal  they  are  obont  a  quarter  as  large  as 
those  of  man.  On  the  other  hand,  the  red  corpuscles  are  largest  in  the  Am- 
phibia (or  Frogs  and  Salamanders),  in  some  of  which  animals  they  are  ten 
times  as  long  as  in  man."— Huzlbt,  **  Lessons  in  Elementary  Physiology," 
p.  09. 
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Fig.  8S. 


O^ 


Fzo.  86. 


Blood  oorpnscles  of  a  Pigeon.    Magnified 
460  diameters. 

Fio.  37. 


Blood  corpugcles  of  M«i.  A.  Blood  in 
coagulation,  the  red  corpusdee  arrang- 
ing themBelves  fiuse  to  liice,  iike  a  pile  of 
plates  or  a  roll  of  coins,  a,  colorless 
corpuscle;  b^  corpuscle  with  the  edge 
turned  towards  the  observer.  Magni- 
fied 460  diameters. 

Fzo.  38. 


Blood  corpuscles  of  an  Ostrich.  The  small- 
est is  a  colorless  corpuscle.  Mignifled 
460  diameters. 

Fzo.  89. 


Blood  corpuscles  of  a  Triton,  a,  colorless 
corpuscle;  b,  c,  d,  «,  and  /,  altered  col- 
ored corpuscles.  Magnified  460  diam- 
eters. 

Fio.  40. 


Blood  corpuscles  of  a  Frog.V  The  small- 
er ones  are  colorless  corpuscles.  Mag- 
nified 460  diameters. 

Fio.  41. 


^^ 


V 


Blood  corpuscles  of  a  Stickleback.   Mag- 
nified 460  diameters. 


Blood  corpuscles  of  the  Siren;  the  smaller 
a  colorless  corpuscle.  Magnified  450 
diameters. 

Pigs.  80-8fi,  showing  the  form  and  relative  size  of  the  blood  corpuscles  in  the 
blood  of  various  kinds  of  Vertebrate  animals— the  corpuscles  represented  in  various 
attitudes. 
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and  120,000,000,000  of  them,  put  together,  would  have  no 
more  than  a  cubic  inch  in  bulk  !  And  in  the  blood  of  the 
Musk  Deer,  the  red  corpuscles  are  only  one-fourth  as  large 
as^  in  Man. 

[n  the  blood  of  Man  the  colorless  corpuscles  are  larger 
tKkn  the  red  corpuscles,  and  they  are  also  more  irregular  in 
form  than  the  latteAj  and  what  is  especially  noteworthy,  is 
•  the  fact  that  the^constantly  change  their  form  by  what 
may  be  called  contraction  and  dilatation.  Therefore  it  is 
not  strange  that,  as  they  float  in  the  plasma  of  the  blood, 
and  constantly  exhibit  themselves  under  new  forms,  they 
remind  the  observer  of  the  Amosba  and  other  similar  low 
forms  of  animal  life. 

By  dUuting  freslily-drawn  blood  with  water,  the  colorless  corpuscles 
are  killed,  and  distended  by  the  absorption  of  water,  perhaps,  and  then 
their  real  structure  is  plainly  seen.  And  they  are  found  to  be  sacs  having 
thin  walls,  and  containing  a  clear  granular  fluid,  and  a  central  body 
or  nucleus ;  in  a  word,  they  are  simply  nucleated  cells,  differing  in 
no  essential  particular  from  the  cells  described  on  pages  12  and  13. 

As  regards  size,  the  representatives  of  the  Branch  of 
Vertebrates,  taken  as  a  whole,  are  by  far  the  largest  of  all 
the  members  of  the  Animal  Kingdom.  There  are  many 
kinds,  however,  that  are  very  small. 

Although  it  is  highly  probable,  if  not  really  certain,  that 
the  Vertebrates  may  be  divided  naturally  into  more  classes 
than  are  usually  recognized,  the  most  generally  adopted 
classification  of  this  Branch  of  the  Animal  Kingdom  recog- 
nizes but  four  or  at  most  five  classes.* 

*  Agasslz,  in  his  "  Essay  on  Classification,^*  recognizes  eight  classes  in  the 
Branch  of  the  Veilebrates,  thus : 

1.  Mam  mala.  2.  Birds.  3.  Reptiles.  4.  Amphibians.  5.  Selachians 
(Sharks,  Skates,  etc.).  6.  Ganoids  (6ar-pike,  Sturgeon,  etc.).  7.  Fishes 
proper.    8.  Myzontes  (Lampreys,  etc.). 

It  will  be  seen  that  this  increase  of  classes  results  from  dividing  the  old 
group  of  Fishes  into  four  groups. 
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For  our  present  purposes,  we  may  divide  the  Vertebrates 
into  five  Classes,  as  follow : 

#1.  MAMMALIA,  orffmSSSSS^t'^^^S^m-Blooded  animals,  which 
^^  bring  forth  living  young,  and  nourish  them  with  milk ;  which 
usually  have  the  skin  covered  with  hair,  fur,  or  wool ;  lungs 
suspended  in  a  cavity  separated  by  a  diaphragm  from  the 
cavity  of  the  abdomen,  and  unconnected  with  air-sacs ;  a  heart 
with  four  cavities ;  a  complete  and  double  circulation  of  the 
blood;  blood-corpuscles  non-nucleated,  and  in  nearly  alL 
cases  circular ;  the  skull  with  two  occipital  condyles ;  the 
lower  jaw  composed  of  only  two  pieces,  and  articulated  di- 
rectly with  the  skull  without  the  intervention  of  a  quadrate 
bone;  and  teeth  generally  present,  enameled,  and  certain 
kinds  implanted  by  two  or  mo^  roots  ;  as  Man,  Beasts  of  prey, 
our  domestic  qua^peds,  etc./ 

II.  AVES,  or  Biras,  or  air^oreamtfig,  warm-blooded  animals,  which 
lay  eggs  from  which  by  brooding  they  hatch  their  young ; 
which  have  their  skin  covered  with  feathers ;  lungs  con- 
nected with  air-sacs,  and  not  separated  from  the  cavity  of  the 
abdomen  by  a  diaphragm ;  a  heart  with  four  cavities ;  a 
complete  and  double  circulation  of  the  blood ;  blood-cor- 
puscles, oval  and  nucleated  ;  the  skull  with  only  one  occipital 
condyle ;  each  half  of  the  lower  jaw  composed  of  several 
pieces  and  articulated  to  the  skull  by  means  of  a  quadrate 
bone ;  and  which  in  all  cases  are  destitute  of  true  teeth. 

III.  REPTILIA,  or  air-breathing,  cool-blooded  animals,  which  lay 

eggs  from  which  their  young  are  hatched  without  incubation  ; 
which  have  the  body  covered  with  plates  or  scales  ;  the  lungs 
not  connected  with  air-sacs,  and  not  separated  from  the  ab- 
dominal cavity  by  a  diaphragm  ;  a  heart  with  three  or  four 
cavities ;  the  blood-corpuscles~oval  and  nucleated ;  the  skull 
with  one  occipital  condyle  ;  each  branch  of  the  lower  jaw 
composed  of  several  pieces,  and  articulated  to  the  skull  by 
means  of  a  quadrate  bone  ;  and  teeth  with  only  one  root,  or 
set  in  a  groove,  or  wanting ;  as  Turtles,  Saurians,  and  Snakes. 

IV.  BATRACHIA,  or  Amphibians,  or  cool-blooded  animals,  which 

breathe  by  gills  in  the  young  state,  but  which  afterwards  have 
lungs  (in  some  kinds  both  lungs  and  gills),  and  thus  be- 
come air-breathers  ;  which  lay  their  egg  in  the  water,  or  in 


1 


CLASSIFICATION  OF  THE  VERTEBRATA.  39 

damp  places ;  which  are  destitute  of  plates  or  scales  (in  ex- 
isting species ) ;  which  have  three  cavities  in  the  heait ;  nu- 
cleated blood-corpuscles;  and  the  skull  with  two  occipital 
condyles  ;  as  Frogs  and  Toads,  Salamandars,  etc. 

V.  PISCES,  or  Fishes,  or  gill-breathing,  cool-blooded  animals, 
which  live  in  the  water,  and  which  in  general  lay  eggs  from 
which  their  young  are  hatched ;  and  which  have  only  two 
cavities  in  the  heart.  ^^ 

Tliese  classes  stand  in  the  order  of  their  rant/^he  first 
named  being  the  highest,  and  the  last  named  the  lowest. 

Many  writers  regard  Reptiles  and  Batraehians  as  one 
class,  and  call  them  all  Keptiles,  thus  making  only  four 
classes  of  the  Vertebrates.*  They  then  subdivide  this 
class  into  Reptiles  proper  and  Amphibians. 

In  all  these  classes  the  fundamental  idea  of  the  Verte- 
brates is  more  or  less  plainly  manifested,  and  the  principal 
parts  of  the  skeleton  in  the  different  classes  correspond  to 
one  another,  part  to  part,  spinal  cohinin  to  spinal  column, 
and  locomotive  members  to  locomotive  members;   the 

Dr.  Theodore  GiU,  in  a  recent  paper  (see  American  Joar.  of  Sci.  and  Arts, 
3d  Series,  No.  S6,  Vol.  VI.),  recognizes  eight  clasees  in  the  Vertebrata.    He 
writes  his  classification  thus  : 
Branch  VERTEBRATA. 

•A.  Sub-branch  CRANIOTA. 
Saper-class  Malleifjsba.. 

I.  ClflBS  MammaUa. 
Super-class  QuapratifeH^im 
(Sauropsida.) 
n.  Class  Aves. 

III.  Class  Reptilia. 

(Batrachopsida.) 

IV.  Class  Batrachia. 
Super-class  Ltrifera. 

V.  Class  Pisces, 
VI.  Class  Elasmobranchia^ 
Super-class  Monorrhina. 

VII.  Class  Marsipobranctaia. 
B.  Sub-branch  A  CRANIA. 

VIII.  Class  Leptocardii. 
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members  in  each  ease,  however,  being  modified  according 
to  the  function  to  be  performed,  whether  it  be  that  of 
standing,  or  grasping,  or  walking,  or  running,  or  leaping, 
or  springing,  or  flying,  or  creeping,  or  swimming ;  but  the 
general  plan  is  always  the  same.  Figs.  24  and  26,  where 
corresponding  parts  are  marked  by  the  same  letter  or  let- 
ters, show  how  the  skeleton  of  Man  and  the  skeleton  of 
a  Bird,  correspond  to  one  another;  and  Figs.  42-52, 
which  exhibit  the  form  of  the  bones  of  the  forward 
locomotive  members  of  several  kinds  of  Vertebrates, 
show  clearly  that  the  arm  of  Man,  the  arm  of  the  Mon- 
key, the  wing  of  the  Bat,  the  leg  of  the  Mole,  the  leg  of 
the  Dog,  the^  paddle  of  the  Seal,  the  leg  of  the  Sheep, 
the  paddle  of  the  Whale,  the  wing  of  the  Bird,  the  leg  of 
the  Turtle,  and  the  fin  of  the  Fish,  are  but  different  expres- 
sions of  one  and  the  same  fundamental  idea.  In  the  figure 
of  each  one  of  these  members,  A  stands  for  humerus ;  ru^ 
for  radius  and  ulna ;  c,  for  carpus ;  mc^  for  metacarpus ; 
and  jpA,  for  phalanges  or  bones  of  the  fingers. 


Principal  Topics  considered  in  Chapter  II.,  Section  I. 

The  Vertebrates  defined. Skeleton. Vertebrae. Cerebro-Fplnal  Bystem. 

Spina]  cavity  or  neural  canal. Haemal  cavity. ^All  vertebrates  constructed  on 

one  plan. Bones ;  their  structure,  and  composition. Difference  between  bones 

and  shells. Oris^in  of  the  vertebrate  skeleton. Chorda-dorsalie. Jaws  of  the 

Vertebrates. ^Teeth—cement,  dentine,  and  enamel. Arrangement  of  the  organs 

of  the  Vertebrates. The  blood  of  Vertebrates. Forms  and  sizes  of  the  blood 

corpuscles. Structure  of  the  colorless  corpuscles. 

Relative  size  of  the  Vertebrates. Classification  of  the  Vertebrates  as  regurds 

Classes. Parts  of  the  skeleton  in  the  different  classes  of  the  Vertebrates  com- 
pared. 


SECTION  II. 
the  class  op  mammalia  or  mammals. 

Sub-section  L 

The  Mammalia  Considered  as  a  Class. 

All  vertebrate  animalB  which  bring  forth  living  young 
and  nourish  them  with  milk,  belong  to  the  Class  of  Mam- 
malia. The  members  of  this  class  are  more  or  less  covered 
with  hair  in  some  one  of  its  forms,  as  ordinary  hair,  fur,  or 
wool ;  although  some  kinds  of  mammals,  as  the  Cetaceans 
or  Whales,  have  this  covering  only  before  they  are  bom  ! 

The  various  forms  of  the  Lair  of  the  Mammalia  are  mere  horny 
modifications  of  the  epidermis  or  outside  skin. 

Man,  Monkeys,  Beasts  of  Prey,  all  of  our  herds  and  flocks 
and  their  wild  allies,  are  familiar  examples  of  this  class. 

The  form  and  size  of  the  Mammals  vary  exceedingly. 
They  are  of  all  sizes,  from  the  little  shrews  hardly  two 
inches  in  length,  up  to  the  whales,  some  of  which  attain 
an  enormous  bulk  and  the  length  of  a  hundred  feet !  All 
except  the  Cetaceans  have  two  pairs  of  limbs,  and  have 
the  terminal  phalanges  protected  by  a  nail,  claw,  or  hoof : 
and  the  forward  pair  of  limbs  is  present  in  all. 

Of  all  animals,  the  Mammals  most  fully  and  perfectly 
exhibit  the  true  animal  structure  and  functions. 

Their  digestive  system  is  extensive  and  complicated. 

Their  circulatory  system  consists  of  a  heart  with  four 
cavities,  arteries  which  carry  the  blood  to  all  parts  of  the 
body,  veins  which  conduct  the  blood  back  to  the  heart,  and 
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capillary  vessels  which  connect  the  termination  of  the  arte- 
ries with  the  Ijeginning  of  the  vein**  Their  blood  is  warm, 
and  the  red  corpuscles  are  nou-iiucleated  (Fig.  35). 

Their  respiratory  systein  consists  of  lungs  Buspended  in 
a  cavity  called  the  chest,  and  which  is  separated  from  the 
cavity  of  the  abdomen  by  a  muscular  partition  called  the 
diaphragm. 

The  motatory  system  of  the  Mammals  consists  of  mus- 
cles, tendons,  and  ligaments,  together  with  the  solid  skele- 
ton to  which  these  are  attached. 


1,  trunk  of  *vein;  ( 
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Their  nervous  system,  consisting  of  the  brain — composed 
of  two  hemispheres — the  spinal  cord  and  nerves,  and  nerve- 
masses,  is  more  fully  developed  than  in  any  other  animals. 

Their  reproductive  system  is  the  most  perfect  that  is 
found  in  the  whole  Animal  Kingdom. 

They  are  all  endowed  with  vocal  organs ;  and  they  excel 
all  other  animals  in  intelligence. 

As  the  Mammals  are  the  highest  class  of  the  Vertebrates, 
and  consequently  the  highest  class  in  the  whole  Animal 
Kingdom,  we  should  become  specially  familiar  with  their 
structure,  not  only  for  the  sake  of  the  information  which 
we  may  thereby  gain,  but  that  we  may  better  understand 
the  structure  of  the  Yertebrates  in  general,  and  that  we 
may  have  a  standard  with  which  to  compare  the  lower 
Vertebrates. 

The  general  structure  of  the  digestive  system  in  Mam- 
mals is  shown  in  Fig.  54. 

The  function  of  the  digestive  system,  as  has  already 
been  stated,  is  to  convert  the  food  into  blood. 

/riie  acts  hy  wMch  the  food  is  converted  into  blood,  may  now  be 
maeflj  stated. 

The  food  is  seized  by  the  animal  and  placed  in  the  mouth,  where  it 
is  masticated  by  the  teeth,  and  where  it  is  mixed  with  a  fluid  caUed 
saliva,  which  comes  from  cavities  and  glands  situated  in  or  near  the 

cavity  of  the  mouth.  d\ciyu^ai  ^<..  ^  C(3t/VtXo  /^   (^^^<-9'^''-^* 

After  mastication  it  is  presseg^back^rds  by  the  tongue,  and  it  then 
passes  into  the  pharynx,  where  swallowing  commences,  and  whence 
the  food  passes  through  the  gullet  into  the  stomach. 

By  the  action  of  a  fluid  caUed  the  gastric  juice,  the  food,  while  in  the 
stomach,  is  changed  into  a  substance  called  chyme. 

From  the  stomach  the  chyme  passes  into  the  small  intestines,  where 
it  mingles  with  a  fluid  secreted  by  its  walls,  and  with  the  bile  and  pan- 
creatic juice — ^liquids  furnished  by  the  liver  and  pancreas — and,  during 
the  passage  through  the  small  intestines,  digestion  is  completed,  the 
chyme  being  changed  into  a  substance  called  chyle. 

The  chyle  is  now  absorbed  by  numerous  vessels  called  the  lacteals. 


^    '  ' 
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which  originate  in  the  mucoufi  membrane  of  the  intestines,  and  which, 
after  passing  through  and  being  more  or  less  modified  by  the  mesen- 
teric glands,  open  into  an  organ  called  the  thoracic  duct. 

This  duct,  which  begins  in  the  abdomen,  carries  the  chyle,  which  is 
constantly  becoming  more  and  more  like  blood,  and  pours  it  into  the 
left  sub-clavian  vein,  which  is  one  of  the  great  branches  that  lead 
directly  to  the  heart.  \ 

The  absorptioif<)f  chyle  by  a  certain  kind  of  vessels  has 
just  been  alluded  to ;  and  we  may  properly  notice  here 
the  vessels  which  constitute  the  true  Absorbent  system. 
While  absorption  of  a  certain  kind — as  described  on 
page  10 — is  carried  on  by  various  tissues,  the  walls  of  the 
stomach,  walls  of  the  intestines,  and  blood-vessels,  there 
are  in  all  the  Vertebrates,  except  the  Amphioxus  (Fig. 
352),  special  organs  of  absorption,  which  we  will  now 
briefly  describe. 

Besides  the  capillaries,  already  referred  to,  and  the  veins 
which  they  open  into  on  the  one  hand,  and  the  arteries 
which  they  open  into  on  the  other,  there  are,  in  all  parts 
of  the  body  which  have  ordinary  capillaries — excepting 
only  the  brain  and  spinal  cord,  eyeball,  cartilages,  tendons, 
and,  possibly,  the  bones — other  vessels  or  capillaries  called 
absorbents  or  lymphatics,  ^he  Lymphatic  or  Absorbent 
system  consists  of  vessels  wnich  originate  in  the  tissues,  in 
excessively  minute  roots  or  tubes,  and  which  open  only  into 
trunks  which  bear  fluid  away  from  them — there  are  no 
vessels  to  bring  anything  to  the  absorbents.  They  are 
filled  with  a  liquid  known  as  lymph,  and  which  is  slightly 
yellowish  or  transparent ;  or  milky,  as  in  that  part  of  the 
system  known  as  the  lacteals  or  chyliferous  vessels.  They 
often  anastomose  or  unite  with  one  another  along  theirt 
course ;  and  at  intervals  they  enter  certain  bodies  called 
lymphatic  glands,  from  which  they  emerge  as  new  trunks 
and  continue  onward  as  before.\ 
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Ultimately  most  of  the  lymphatics  empty  their  contents 
into  the  thoracic  duct,  which  leads  into  the  left  subclavian 
vein.  This  is  especially  true  of  the  lacteals  or  chyliferous 
vessels,  which  are  filled  with  the  fibrin,  the  fatty  and 
other  raattere,  the  products  of  digestion,  derived  trom  the 
small  intestine  (Fig.  55). 

It  must  be  added,  however,  that  other  lymphatics  empty 
their  contents  by  a  common  canal  into  the  right  subclavian 
and  right  jugular  veins. 

The  blood  of  a  living  animal  is  in  constant  circulation, 
nourishing  and  building  up  every  part  of  the  body.  /The 
fact  of  the  circulation  of  the  blood  was  first  demonstrated  in 
1610  by  WiUianx  Harvey,  an^ English  physician.^ 

In  the  Mammals — and  the  same  is  true  of  Birds — the  or- 
gans of  the  circulatory  system,  as  already  stated,  are  a  heart 
to  pr()pel  the  blood,  tubes,  or  arteries,  to  carry  the  blood 
from  the  heart  to  all  parts  of  the  body,  and  other  tubes,  or 
veins,  to  bring  the  blood  back  to  the  heart,  and  minute  ca- 
pillary vessels  to  connect  the  terminations  of  the  arteries 
with  the  beginning  of  the  veins. 

The  arteries  are  deeply  situated,  and  are  composed  of  three  tiflsuefr— 
the  in&er  continuoas  with  the  inner  membrane  of  the  heart;  the  middle 
fibrous  and  elastic,  with  the  fibers  arranged  circularly;  and  the  outer 
ceUular  and  also  elastic.  When  empty  the  arteries  do  not  readily  col- 
lapse; when  cut  they  do  not  readily  heal. 

The  veins  have  thinner  walls  than  the  arteries,  but  are  also  com- 
posed of  three  tissues,  the  middle  tissue  of  which  is  made  up  of  irreg- 
ularly arranged  fibers.  When  empty  the  veins  readily  collapse,  when 
cut  they  readily  heal.  The  veins  follow  nearly  the  same  course  as  the 
arteries,  but,  in  most  cases,  they  are  nearer  the  surface,  and  they  are 
more  numerous  than  the  latter. 

The  blood  flows  in  the  arteries  in  a  continued  stream,  and  with  con- 
siderable force.  This  is  owing  to  the  action  of  the  heart,  and  also  to 
the  elasticity  of  the  arteries  themselves. 

The  blood  passes  from  the  arteries  into  the  veins  by  means  of  the 
capillaries,  as  before  indicated,  and  the  impulse  it  receives  from  the 
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lieart  detenuines  i)e  course  in  the  veins.  The  veins,  iu  most  cases,  are 
provided  with  valreti,  permiUlug  the  flow  of  blood  towards  the  heart, 
but  preventing  its  re-flow  in  the  opposite  direction.  ^ 

(The  heart  in  the  Mammals  and  in  tEe  Binls  contains 
four  caviticB — a  right  aui-icle  and  right  ventricle,  and  a  left 
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aiiricle  and  a  left  ventricle,  the  two  cavities  in  the  right 
half  being  completely  separated  from  the  two  cavitiefl  in 
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the  lefk  half,  by  a  vertical  partition.  Each  auricle,  how- 
ever, communicates  by  little  openings,  regulated  by  valves, 
with  the  ventricle  below  it. 

The  heart  is  a  very  powerful  muscle,  and  its  cavities 
dilate  and  contract  with  remarkable  regularity  while  life 
lasts. 

As  the  auricles  dilate  they  receive  the  blood;  the  right, 
that  which  is  brought  to  it  from  the  body  by  the  veins,  and 
the  left,  that  which  flows  into  it  from  the  lungs ;  when 
full  the  auricles  contract,  forcing  their  contents  into  the 
ventricles ;  these  dilate  as  they  fill,  and  then  suddenly  con- 
tract upon  their  contents,  the  right  forcing  the  blood  into 
the  pulmonary  artery,  and  the  left  into  the  aorta,  the  great 
artery  which  gives  rise  to  all  the  arteries  of  the  body,  ex- 
cepting only  the  pulmonary  arteries. 

(  The  wliole  course  of  the  blood  in  Mammals,  and  in  Birds,  may  now 
be  briefly  stated.  By  the  contraction  of  tliB  right  aaricle,  the  blood 
which  it  contains  is  forced  into  the  right  ventricle,  little  valves  pre- 
venting its  return  ;  by  the  contraction  of  the  right  ventricle,  the  blood 
is  forced  thence  into  the  pulmonary  artery,  through  which  it  enters 
the  lungs,  where  it  is  purified  and  changed  from  a  bluish  to  a  bright 
red  color ;  from  the  lungs  the  pulmonary  veing  conduct  it  to  the  left 
auricle  ;  the  left  auricle  forces  it  into  the  left  ventricle,  by  whose  con- 
traction it  is  forced  through  the  aorta  and  its  various  branches  to  all 
parts  of  the  body.  Through  the  veins,  as  before  stated,  it  comes  back 
to  the  right  auricle  of  the  heart— having  lost  the  amount  required  for 
nourishing  and  building  up  the  system,  and  having  been  increased 
by  the  amount  added  by  the  chyle,  in  the  manner  already  described  on 
page  44. 

It  must  be  added  here,  however,  as  a  matter  of  fact,  that  in  point 
of  time  the  ventricles  are  the  first,  and  the  auricles  the  second  to  con- 
tract in  each  systoW 

The  circulation  above  described  is  what  is  called  a  com- 
plete  and  double  circulation.     It  is  called  complete  because 
all  of  the  blood  circulates  through  the  lungs  before  going 
3 
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through  the  body;  and  it  is  called  double  because  the 
blood  passes  through  two  sets  of  capillary  vessels — one  set 
belonging  to  the  lungs,  and  the  other  set  to  the  body. 

The  circulation  of  tUe  blood  tlirougli  the  limga  is  called  the  pul- 
monary circulation,  and  that  through  the  body,  the  Bystemic  circulation. )    . 

The  respiratory  apparatus  of  Mammals  consists  mainly'i ' 
of  lungs,  and  an  air-tube  or  trachea,  to  carry  the  air  to  and 
from  these  organs. 

At  no  stage  of  their  existence  are  their"  visceral  arelies" 
furnished  with  branchial  or  gill-like  appendages.* 


Longs  aad  Traciiea  at  tho  Ugtisi 
•  In  the  embryonic  condition  of  all  tho  Vertebreta,  tlio  part  of  the  body- 
Wall  TTldoh  Ilea  at  Ihe  sides,  and  Just  behind  the  mouth,  eihlbite  a  series  o( 
Tertlcal  parallel  thickenings;  these  tlilckecings  are  ealled  the"YiBcera1 
archeB."  The  Bpaoea  between  tbese  areiioa  Ijecomc  thinner  and  thinner, 
and  at  length  cletts  or  "branchial  fiasnrea"  tal^etlie  place  ol  the  thin  spaeeB, 
and  thna  there  are  openings  from  the  exterior  suriaee  of  the  animal  into  tbe 
anterior  portion  of  the  digestive  caritj.  In  the  higher  adnlt  vertebroles 
tiic  "  branchial  Assures  "  are  obliterated,  or  so  modified  as  apparently  to  dis- 
appear ;  bnt  III  Fishes  and  certain  Batiicfaiana  they  remain  In  conncctlou 
with  tho  gill-bearing  arehoa. 
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/  Tlie  longs  are  two  in  nomber,  Bituated  in  the  chest,  and 
aSi  is  enveloped  with  a  membrane  called  the  plenre.  The 
cavity  of  the  chest  is  also  lined  with  the  same  sort  of  mem- 
brane. The  upper  or  anterior  end  of  fhe  air-tiibe  opens 
into  the  pharynx.  The  lower  or  paajerior  part  divides  into 
two  branches  called  the  bronchial  tubes,  one  of  which  passes 
to  each  long  and  there  divides  and  subdivides  into  a  great 
nnmber  of  branches,  as  seen  in  Fig.  58. 

The  lungs  are  made  np  of  a  vast  number  of  small  cavi- 
ties or  cells,  into  each  one  of  which  a  branch  of  the  bron- 
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chial  tube  opens ;  and  it  is  in  these  cells  that  the  air  acts 
upon  the  blood  contained  in  the  capillary  vessels,  above 
mentioned,  and  renders  it  pnre. 

The  act  of  breathing  is  performed  hy  the  involuntary 
movements  of  the  walls  of  the  chest,  including  that  of  the 
diaphragm,  that  is,  the  broad  mnscle  which  separates  the 
cavity  of  the  chest  from  that  of  the  abdomen. 

During  ordinary  cirenmstances  there  enters  into  the 
lim^  of  a  man  about  five  and  a  half  quarts  of  aipper 
minute.  / 
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We  may  now  consider  the  motatory  apparatus,  or  the 
ekeletOD,  the  muscleB,  the  ligamenta,  and  the  tendoDB. 
The  general  structure  of  the  skeleton  of  Mammals  may  be 
seen  in  Ftge.  24  and  60.  This  general  structure  is  modi- 
lied  in  each  order,  according  to  the  fimctioos  which  the 
animals  are  to  perform. 

In  the  adult  mammals  the  skeleton  is  very  hard  and  solid, 
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but  in  the  very  young  it  is  cartilaginous.  The  ossifica- 
tion, or  bone-making,  begins,  as  already  stated  on  page  32, 
at  various  points  in  the  cartilage,  but  these  gradually  co 
alesce  as  the  animal  grows  older. 

To  prove  that  cartilage  la  tlie  baaia  of  all  the  bones  which  make  op 
the  skeleton,  U  is  only  neceHeary  to  place  any  bone  in  weak  muriatit 
acid,  which  dissolveB  out  the  mineral  BubBtances  and  leaves  the  car- 
tilage of  the  mane  form  and  size  as  the  bone  Itself. 
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The  surface  of  each  bone  is  covered  with  a  membrane 
called  the  periosteum,  as  already  stated. 

The  surfaces  of  bones  present  elevations  or  processes,  and 
depressions,  some  of  which  are  for  the  attachment  of  muscles. 

Some  of  the  bones,  as  those  of  the  face,  are  fixed  firmly 
together  by  mere  closeness  of  position ;  others  are  united, 
as  in  the  head,  by  sutures ;  others  are  implanted,  as  the 
teeth,  if  we  regard  teeth  as  bones  (see  page  56) ;  and 
others,  as  the  main  bones  of  the  trunk  and  limbs,  are  held 
together  by  ligaments. 

/The  Skeleton  is  divided  into  three  well-defined  regions, 
as  the  head  or  skull,  trunk,  and  extremities^ 

The  skull  consists  mainly  of  the  cranium  or  brain-case, 
together  with  parts  protecting  and  supporting  the  organs 
of  hearing,  sight,  and  smell,  the  whole  formed  of  numer- 
ous bones,  closely  united  by  sutures,  or  by  anchylosis  (Figs. 
61,  62,  63).  To  the  cranium,  on  the  lower  surface,  are  at- 
tached the  lower  jaw — or  mandible  as  it  is  called  by  anato- 
mists— ^and  the  hyoidean  apparatus  («A,  eK  ch^  bh^  ^A,Fig.  62). 

The  form  and  structure  of  the  skull  of  one  of  the  most 
common  of  the  Mammals,  namely,  the  Dog,  are  shown  in 
.the  three  following  wood-engravings  (Figs.  61,  62,  63), 
from  Flower's  "  Osteology  of  the  Mammalia,"  an  excel- 
lent hand-book  for  the  pupil  who  would  gain  more  infor- 
mation of  the  Mammalian  skeleton  than  our  space  here 
allows  us  to  give.  The  names,  however,  of  the  different 
parts  of  the  skull,  are  annexed  to  the  engravings,  as  they 
stand  in  Flower's  work  just  named. 

The  skull  in  all  the  Mammalia  has  two  occipital  condyles 
(<x?.  Fig.  63)  or  articulating  surfaces,  by  which  it  is  articu- 
lated to  the  first  vertebra — or  atlas — of  the  neck,  instead  of 
one  articulating  surface  or  condyle,  as  in  Birds  and  Reptiles. 

In  aU  the  Mammals,  the  upper  jaw  is  fixed  to  the 
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,  and  is  therefore  immovtible ;  the  lower  jaw  is 
formed  of  two  pieces  only,  one  on  each  side — the  two  in 
some  species  fixed  firmly  together  by  what  ia  called  an- 
no, ei. 


Cnnlnm  of  t  Ilog.  upiper  ■nrfue,     Bedacsd  In  Bice. 
80,  aupnocolplUI ;  IP,  IntarpuHeUl;  P 


i;  pof,  p«torblUl  piooeu  of  froi 


chjloeis — and  is  articulated  directly  with  the  ekull,  with- 
out the  intervention  of  a  bone  which  anatomiste  call  the 
qnadrate  bone,  such  as  exists  in  Birds  and  Reptiles ;  and 
the  teeth  are  enamelled.     And  it  may  be  added  here  that 
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the  Mamniale  arc  tlie  only  animals  that  have  teeth  im- 
planted by  two  or  more  roots  or  fangs. 

The  teeth  are  not  regarded  as  a  part  of  the  true  skeleton, 
being  developments  from  the  mucons  membrane,  which  is 


an,  mDterior  TurLil  Apertnn ;  UT,  nuidlld'tdrblaiil  bone ;  ET>  etbmO'tnrWiul;  Va, 
DUd;  UE,  o«lfled  poitlou  of  (he  meieUimoid;  C£,  cribriform  plate  of  the  ethmo. 
tmbinil;  Ft,  rrouttl;  Pa,  pirietkU  IV,  InterpariBtal ;  HO.  ■npnocciplUl:  EiO,  eioe- 
dplUl;  BO,  bHloojlplUl;  Per.  perlotia;  BS,  buliphenold;  PI.  pturygold;  A3,  ^• 
■pheDold;  OS.  orbltoflphenold ;  PS,  preepheDotd;  Vl^  paJatian;  Vo.  vomers  Mx.  nux' 
Oik;  FUx,  piemuiUs^  [ih,  Btrlahjil:  «A,  oplhyali  cK,  centahyml;  bli.  biwlhjal ;  U, 
ttijrDhjml;  )=the  right  half  of  the  hjoldean  ipparataa;  r,  Bymphyila  nf  the  nuudlble; 
^,  cotODDtd  prtKMU;  cd,  condj^le;  a,  ugte;  id.  Inferior  dental  csDiil;  *,  the  pwt  of 
the  cruimn  lo  which  the  oondjle  li  utlcolaled. 

fnndamentallj  the  same  as  the  external  integument  of  tht 
body,  and  continuous  with  it.  The  teeth  of  the  Mammals 
are  confined  to  the  lower  jaw  and  to  the  premaxillary  and 
maxillary  bones  above  (Figs.  61,  62,  63).    Some  kinds  of 
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mammsls,  ae  tlie  Sloths,  Arm&dilloB,  Anteatere,  etc.,  toe 
diflicient  in  teeth ;  and  the  Duckbills  have  homy  plates  in- 
stead of  teeth.     In  some  kinds  of  mammals,  as  in  Man,  a 


pertotlci  Ty,  tymiHalc  bulla;  BS.  buispbenold;  Sf.  lygamiitlD  prauKB  of  tbo  iqua- 
iDOBal;  Ho,  malur;  AS.  aUaphenolii;  Pt,  ptorjgoid;  PS,  presphonold;  Fr,  ftonUl;  Vo 

Itol  condTlei  pji.  puocclpiul  prooeiiB;  if,  coodjlu  fiimnen;  Jlp.  fOnman  lacernm 
posteiiiu;  in,  HtJ'lD-mutold  fonmen;  cam,  enernil  ftndltory  maitiu;  pff.  poitgle- 
nold  lOnniHl ;  gp,  poet^lenold  procfH'  gf,  gteaolHonili;  Jlvi,  ioniaen  Itmraai  lat' 
dlnm ;  Jo,  Ibnmca  ovale ;  oi,  poatorlor  opening  nf  aUsphenoid  canal ;  fi-.  foramen  lo. 
tundam  and  antorlor  opening  of  allapbenold  canal ;  ^f,  aphenoldal  flaiim  or  foramen 
ac«1rani  anteriua ;  op,  optio  foramen;  jtp/t  poaterior  palatine  fbrnuen  ;  a^,  autorior 
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certain  nnmber  of  teeth,  called  the  milk  teeth,  are  shed 
and  replaced  by  others.     Bnt  there  are  many  kinds  of 


mammalB  in  which  no  sach  shedding  and  replacement 
y       have  been  observed. 

^  And  here  it  may  be  stated  tliat  It  1b  common  among  lo&logietB  to 

A  indicate  the  kinds  and  nnmber  of  teeth  in  anj  mamm&),  hj  a  formula. 

ThuH  the  lormala  for  the  teeth  of  Man  is  : 

which  means  that  Man  liaa  two  incUor  teeth  in  each  side  of  each  jav, 
one  canine  (ooth  Id  each  side  of  each  jaw,  two  pre-motar  teeib  in  each 
ride  of  each  jaw,  and  three  molar  teeth  in  eacli  aide  of  each  jaw, 
making  In  all  thirtj-two  teeth. 

Bometimes  the  dash  ( — )  is  omitted— as  it  obvlouiil}'  merely  indicates 
that  the  teeth  of  a  given  kind  are  eqttally  arranged  In  the  right  and 
left  side  of  the  mouth — and  then  the  formula  la  written  thus : 


'With  these  examples  all  similar  formnle  will  be  readily  nnderstood, 

Iq  general  the  Mammalia  have  seven  vertebrae  in  the 
neck ;  but  there  are  some  important  exceptions.  The  Ma- 
nati  (seep.  114)  have  only  six,  one  species  of  Sloth  has  only 
six,  and  the  Three-toed  Sloths  have  nine ! 

The  first  and  second  cervical  vertebra  are  articulated  with  each 

other  and  with  the  two  ocdpital  condyles  (Fig.  63,  oo),  l>y  synovial 

8* 
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joints,  that  is,  bv  joints  that  are  smooth,  and  constantly  sapplied  with 
a  lubricating  fluid  called  synovia ;  all  the  other  vertebrae  have  between 
their  centrums  certain  disks  composed  of  elastic  fibrous  material, 
which  prve  to  give  elasticity  to  the  spinal  column,  and  enable  it  the 
better  to'withstand  shocks,  without  injury. 

The  dorsal  vertebrse  are  in  many  cases  thirteen ;  but  the 
number  varies  from  ten  to  twenty-fonr.  The  himbar  ver- 
tebrse  (Fig.  24,  Iv^  and  Fig.  60,  L) — the  vertebrsB  between, 
the  hind  ribs  and  the  sacrum — are  six  or  seven,  in  many 
cases ;  but  the  number  varies  from  two  to  nine ;  and  the 
caudal  from  four  to  forty-six. 

In  adult  mammals  the  centrums  of  the  vertebrae  are  anchylosed  with 
the  neural  arch.  During  growth  the  centrums  are  furnished  with  epi- 
physes, that  is,  portions  of  bone  separated  by  cartilage  from  the  main 
body  of  the  bone. 

All  of  the  Mammalia  except  the  Cetaceans,  have  certain 
vertebrsB  which  are  called  sacral ;  these  form  the  sacrum 
(Fig.  24,  8)j  or  posterior  part  of  the  pelvis  ;  and  they  vary 
in  number  in  different  mammals  from  one  to  nine. 
^  The  muscles  in  Mammals,  and  in  all  the  Vertebrates, 
cover  the  skeleton,  and  constitute  what  is  well  known  as 
the  flesh.  They  are  attached  to  the  bones  by  tough  fibers 
called  tendons.  These  are  of  a  white  colorj  and  without 
feeling. 

The  muscles,  as  already  stated  on  page  18,  are  composed 
of  bundles  of  fibers,  and  these  again  of  bundles  of  fibers 
more  and  more  delicate ;  and  the  elemental*)^  fiber  is  so 
fine  that  it  can  be  seen  only  by  means  of  the  microscope. 

The  muscles  are  the  only  parts  of  the  body  which  pos- 
sess the  property  of  contractility.  Each  bundle  of  mus- 
cular fibers  receives  nervous  filaments  or  threads,  and  it  is 
under  the  influence  communicated  by  these  that  the 
muscles  contract,  or  relax.     By  cutting  off  the  nerve  which 
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communicates  with  a  muscle,  in  a  living  animal,  the 
muscle  is  paralyzed. 

T^Some  muscles,  as  those  of  the  limbs,  obey  the  will  of 
the  animal ;  others,  as  those  of  respiration,  may  obey  the 
will,  but  they  also  act  independently  of  it ;  and  there  are 
others,  as  tlie  heart  and  stomach,  over  which  the  will  has 
no  control. 

Those  muscles  which  are  wholly  independent  of  the  will 
receive  their  influence  from  the  ganglionic  system,  de- 
scribed on  page  60.  - '^^ 

As  regards  the  reproductive  system  of  the  Mammalia, 
it  is  the  most  perfect  in  the  Animal  Kingdom,  as  already 
remarked.  And,  although  in  some  respects*  the  Mamma- 
lia agree  with  Birds  and  Keptiles  in  their  development 
from  the  embryo,  it  raay  be  stated  here,  that  the  relation 
of  parent  and  offspring  in  this  class  is  more  intimate  than 
in  any  other  class  of  animals. 

The  Nervous  system  of  the  Mammals  is  more  highly  de- 
veloped than  that  of  any  other  animals.  It  is  composed 
of  two  parts — the  nervous  system  of  animal  life  or  cerebro- 
spinal system,  and  the  ganglionic  or  nervous  system  of 
organic  life. 
/The  Gerebro-^pinal  syatenjb  is  composed  of  the  cerebrum, 
cel^ellura,  and  spinal  cord,  and  their  branches,  as  seen  in 
Fig.  25.  The  nerves  of  this  system  extend  to  the  muscles, 
organs  of  the  special  senses,  etc.     A  vertical  section  of  the 

*  The  Mammalia,  Avea  (Birds),  and  Reptilia,  agree  in  having,  in  their  de- 
velopment from  the  embryo,  an  amnion  (innermost  foetal  envelope),  and  an 
allantols  (a  second  fcetal  envelope),  and  hence  are  often  called  the  Allan- 
TOIDISA ;  and  as  they  are  not  provided  with  gills  at  any  period  of  their  ex- 
istence they  are  also  called  Abranchiate  Vertebrata. 

While  Batrachia  and  Pisces  have  neither  amnion  nor  allantols  (or  only  a 
rudimentaiy  one),  are  often  called  the  Anallantoidea  ;  and  as  they  have 
either  permanent  gills,  or  gills  at  some  stage  of  their  existence  they  are 
often  called  the  Branchiate  Vertebrata. 
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a,  e«T«bnim  j  h,  o«T*be]]tnD  :  e*  Bplul'HRd^  d.  secUoa  of  tbe  uuiijub  caHonm;  «^ 
f^tlo  lalM«;  _f,  DlbhDtDT?  nerreB^  ^^  eyeball  ud  optio  nerrB. 

principal  portion  of  the  cerebrospinal  Bystem  of  the  high- 
est ntaniTnal — Man — ^is  seen  in  Fig.  65,  and  the  anterior 
portion  jrf  the  cerebro-^inal  eyetenn  of  a,  Babbit  is  seen  in 

Fig.  eej 

Iho^anfflionio  tytitem  is  composed  of  a  nomber  of 
email  ^bgUons  or  masses  of  Dervons  matter,  miited  to 
each  other  bj  filaments,  and  \yj  the  same  means  to  the 
cerebro-spinal  sjstem.  These  ganghons  are  arnuiged  in 
the  cavity  which  contains  the  heart,  Inngs,  and  the  other 
internal  organs,  and  in  a  double  row  on  each  side  of  the 
spinal  L-oltium ;  and  many  others  are  scattered  through  tlie 
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A,  oJfccHvalobei;  B,  cerBbnl  hemUphBrcs ;  D,  eorBbellnm;  nl,  olfccHte  Ipben ;  op, 
rolli;  pa,  potbetlinui  Iri,  trlfaciiil;  at.  ■bdoceiu! /u,  Ikdil;  an,  widlbirT;  *air,Tagiu; 

TJecera.  The  nerves  of  this  system  extend  to  the  vital 
organs,  as  the  stomach,  heart,  lung^  liver,  intestines,  etcJ 
The  nervea  originfttiiig  in  the  cerebro-Bpioal  HTEtam  of  thti  bighest 
malDinal,  namely,  Man,  amoant  to  forty-three  pairs — twelve  pairs 
arising  within  the  cranium,  and  leaving  tliat  cavity  by  apertures  in  the 
cranial  bonee,  and  thirty-one  pairs  arising  trom  the  epinal  cord,  and 
leaving  by  apertures  sitoated  between  the  vertefane.  Eaidk  of  these 
pairs  is  compoeed  of  a  great  number  of  extremely  fine  threads  or  fibers 
inclosed  In  a  sheatli.  At  their  origin,  the  fibers  which  make  ap  the 
nerve  are  called  roots,  and,  in  the  case  of  the  spinal  nerves,  are  grouped 
into  anterior  and  posterior  roots.  On  the  posterior  root  there  is  a  gan- 
glion through  which  the  filaments  pass  and  after  that  unite  with  the 
anterior  root. 

The  brain  itself  is  insensible,  not  feeling  even  when  ir- 
ritated or  cut ;  bnt  it  is  nevertheless  the  seat  of  Bensation, 
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and  the  source  of  voluntary  motion.  The  nerves  bring  to 
the  brain  the  impressions  which  they  receive,  and  they 
carry  the  influences  which  the  brain  sends  to  all  parts  of  the 
body.  And  it  is  an  interesting  fact  that  there  are  nerves 
which  carry  only  sensation  to  the  brain,  and  others  which 
transmit  the  will  of  the  brain  to  the  different  parts  of  the 
body — that  is,  there  are  nerves  of  sensation,  and  nerves  of 
motion.  And  experiment  has  shown  that  the  posterior 
roots,  above  described,  are  nerves  of  sensation,  and  the  an- 
terior are  nerves  of  motion. 

The  Mammals  are  richly  endowed  with  all  the  special 
senses — as  sight,  hearing,  smell,  taste,  and  touch  ;  and  they 
have  special  organs  appropriate  to  the  exercise  of  those 
senses. 

/  In  the  Mammals,  and  in  all  other  vertebrates,  the  eyes 
are  two  in  number,  and  situated  in  cavities  of  the  skull, 
called  orbits.  The  globe  of  the  eye  is  a  hollow  sphere 
formed  by  three  membranes,  one  within  another,  and  filled 
with  humors  more  or  less  fluid.  The  outside  membrane  is 
thick  and  tough,  and  is  called  the  sclerotic.  In  front,  and 
continuous  with  it  is  the  translucent  cc>/7i^a,  through  which 
the  rays  of  light  pass  into  the  intferior  of  the  eye.  The 
membrane  next  to  the  sclerotic  is  the  choroid^  which  in 
front  is  separated  from  the  sclerotic,  and  which  is  there 
called  the  irisy  and  is  the  part  which  gives  the  color  to  the 
eye.  The  iris  I'eadily  contracts  and  dilates,  and  thas  tlie 
aperture  at  its  center,  called  the  pupil^  is  diminished  or  en- 
larged according  to  the  amount  of  light  to  which  the  eye 
is  exposed.  The  next,  and  inside  membrane  is  the  retina^ 
which  is  an  expansion  of  the  optic  nerve.  It  is  upon  this 
that  the  images  of  objects  are  received  and  make  im- 
pressions which  are  carried  to  the  brain  by  the  optic 
nerve. 
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The  humors  which  occupy  the  cavity  of  the  eye  are  of 
different  densities.  The  fluid  which  fills  the  spaces  in  the 
front  part  of  the  eye  is  called  the  aqueoibs  humor  ^  it  is 
clear  and  watery.  Behind  the  pupil  there  is  a  somewhat 
firm  and  transparent  body  called  the  erystaUme  lens.  Be- 
hind this  lens,  the  whole  of  the  remainder  of  the  globe  is' 
filled  with  the  vitreous  humor^  a  perfectly  transparent 
gelatinous  liquicL^ 

The  eyes  of  Mammals  are  protected  by  two  lids  fur- 
nished with  eyelashes,  and  the  muscles  of  the  eyes  are  so 
arranged  that  these  organs  can  be  rolled  so  as  to  look  in 
ditterent  directions  without  moving  the  head. 

The  ears  of  the  Mammals  are  very  complicated.  These 
are  always  two  in  number,  and  situated  in  the  hinder  part 
of  the  head.  In  Man,  and  in  most  other  mammals  the  ear 
is  divided  into  three  portions— the  external  ear,  the  middle 
ear,  and  the  internal  ear. 

The  external  ear  consists  of  the  conch  and  the  auditory  tube  ;  it  is  in 
the  latter  that  the  ear-wax  is  formed. 

The  middle  ea/r  is  an  irregular  cavity^  separaited  from  the  auditory 
tube  by  a  partition  called  the  tympanal  membrane  or  drum;  this 
cavity  has  several  openings,  one  of  which  is  through  the  Eustachian 
tube,  which  opens  into  the  back  part  of  the  mouth.  In  the  middle  ear 
there  is  a  chain  of  four  small  bones  called  the  maUeus,  the  incus,  the 
stapes,  and  the  os  orbictUare. 

The  internal  ear  is  situated  within  the  temp9ral  bone,  and  is  com- 
posed of  three  parts — the  vestibule,  the  semi-circular  canals,  and  the 
cochlea. 

The  vestibule  is  in  the  middle,  and  communicates  with  the  tympanum 
by  an  opening  called  the  fenestra  ovalis.  The  semicircular  canals  are 
three  in  number,  and  are  rounded,  bony,  and  membranous  tubes.  The 
cochlea  is  half  bony  and  half  membranous,  and  resembles  a  snail  shell 
in  shape,  and  it  is  divided  into  two  parts  by  a  longitudinal  partition  ; 
and  it  communicates  with  the  veitibule  and  with  the  tympanum  by  an 


opening  called  the  fenestra  rotunda.  ^ 


The  internal  ear  contains  a  watery  liquid,  and  in  this 


i 
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liquid  are  anspended  membranons  ponches  also  Med  with 
a  liquid,  and  id  these  are  the  terminating  iUamente  of  the 
aconstie  nerve  or  nerve  of  hearing. 

We  may  now  nnderetand  how  hearing  is  secured.  The 
vibrations  of  the  air  are  collected  by  the  external  ear,  and 
conducted  by  the  auditory  tube  to  the  drum  or  tympan^ 
membrane ;  the  vibrations  of  the  drum  are  communicated 


o,  ntcnul  eatr;  1,  lobe  of  the  tn;  c.  cgoohsi  oc,  anricoUr  canal;  ml.  nmsbnn* 
tympanl  or  dram;  et,  carltyof  the  tympuiiuQ;  o,  opening  in  waU  of  thfl  trmpanura; 
(thB  l^nutn  Dvall*  and  rotunda  an  near  thU>  opening);  Ai,  Enitachliui  tabei  v,  t»- 
Ubnle;  K,  aaml-elrcolar  ooalBi  ea,  uochlea;  on,  aoooiUc  nerva. 

to  the  chain  of  little  bones,  and  by  these  to  the  internal  ear, 
where  they  act  upon  the  nervons  filaments,  which  receive 
the  impression  and  convey  it  t^  tlie  brain  through  the  au- 


ditofy  nerve. 


ditory 
^he 


nose  is  the  organ  of  gnell.     In  the  Mamm^  it 
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constitntes  a  part  of,  the  face.  The  nostrils  are  two  in 
number.  In  the  Mammals  the  outer  walls  of  the  nose  are 
made  of  cartilage,  but  internally  the  i»}stril8  communicate 
with  bony  cavities,  and  these  cavities  are  lined  with  what 
is  called  the  pituitary  membrane,  on  which  are  expanded 
the  olfactory  nerves  or  nerves  of  smellN 

Odors  are  particles  of  extreme  fineness  which  escape  from  different 
bodies  and  spread  through  the  air  like  vapors.  These  are  received 
through  the  nose  and  excite  the  nerves  of  smell,  and  the  nerves  of 
smell  send  the  impressions  which  they  receive  to  the  brain. 

^JChe  taste  is  the  sense  by  which  animals  perceive  the 
flavor  of  bodies,  and  by  which  they  are  mainly  guided  in 
the  choice  of  their  food ;  though  smell  also  aids  them  in 
this  matter.  The  nerves  of  the  taste  terminate  in  the  tongue, 
and  in  little  bodies  called  papillae  which  cover  its  surface. 
In  some  kinds  of  Mammals  these  are  very  harsh,  as  in  the 
cat  tribe,  and  in  the  ox ;  in  others,  as  in  Man  and  in  the 
dog,  they  are  very  soft  and  delicate/. 
'  f  The  sense  of  touch  in  the  Mammals  is  spread  over  the 
WBol^  body,  since  the  nerves  of  sensation  expand  over  the 
whole  surface  of  the  body ;  but  the  sense  of  touch  in  its 
greatest  perfection  is  limited  to  certain  parts  of  the  body. 
In  Man  the  sense  of  touch  in  its  true  power  resides  in  the 
hand — ^in  the  fingers,  which  are  especially  adapted  for  the 
exercise  of  this  faculty.  No  other  mammal,  probably,  ex- 
hibits this  sense  in  so  great  perfection  as  he ;  though  the 
trunk  of  the  Elephant  possesses  the  same  in  a  remarkable 
degree.   \ 

With-^lhe  exception  of  the  Birds  and  a  few  reptiles,  the 
Mammals  are  the  only  animals  that  are  furnished  with  vocal 
organs.  So  that  if  the  Mammals,  Birds,  and  Reptiles  were 
removed  from  the  6arth,  no  vocal  sounds  would  be  heard ; 
for  we  must  bear  in  mind  here,  that  the  buzzing  of  bees, 
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the  hum  of  flies,  the  stridulating  noise  of  the  grass* 
hoppers,  and  the  shrill  of  the  crickets,  are  not  vocal  sounds, 
but  are  noises  which  these  animals  make  mainly  with  their 
wings. 

[  Tlie  larynx  is  the  organ  of  voice  in  Man  and  in  all  otiier  mammals. 
Ixls  situated  at  tlie  upper  part  of  the  trachea  or  wind-pipe,  being  sus- 
pended from  the  bone  of  the  tongue.  It  is  formed  of  several  carti- 
laginous pieces,  called  respectively  the  tfeyroid  cartilage,  the  cricoid 
cartilage,  and  the  arytaenoid  cartilage.  The  most  prominent  part  of 
the  thyroid  in  Man,  is  called  Ada/m*s  apple,  A  mucous  membrane 
continuous  with  that  of  the  mouth,  nostrils,  and  pharynx,  lines  the 
larynx,  and,  extending  into  the  wind-pipe,  becomes  the  mucous 
membrane  of  the  lungs  themselves.  In  the  interior  of  the  larynx  this 
mucous  membrane  forms  four  folds — two  upper  ones,  called  the  false 
'Docal  cordSy  and  two  lower  ones,  called  the  ttme  vocal  cords,  the  space 
between  the  latter  being  called  the  glottis.  The  vocal  cords  are  under 
the  control  of  the  will,  and  can  be  relaxed  or  tightened.  The  cavity 
between  the  true  and  false  vocal  cords  is  caUed  the  ^sentriele  of  the 
larynx.  As  the  passage  of  food  or  drink  into,  the  larynx  is  attended 
with  danger,  producing  suffocation  unless  speedily,  removed,  the  upper 
aperture  is  protected  by  an  organ  of  triangular  shape  called  the  epi- 
glottis. 

In  ordinary  breathing,  the  air  passes  the  vocal  cords  without  pro- 
ducing any  sound ;  but  when  they  are  drawn  tighter,  by  the  exercise 
of  the  will  of  the  animal,  they  narrow  the  aperture  of  the  glottis^  and 
the  air  in  passing  them  causes  them  to  vibrate,  and  the  vibrations  pro- 
duce the  voice.  The  voice  is  modified  according  to  the  condition  of 
these  cords,  being  higher  when  their  tension  is  great,  and  lower  when 
their  tension  is  less.'N 

Only  one  mammal — ^Man — has  the  power  of  making  the 
sounds  of  the  voice  into  words ;  he  alone  has  the  power  of 
true  speech. 

As  for  Instinct,  the  Mammals  are  not  more  remarkable 
than  many  other  animals,  as  for  example,  Birds  and  Insects ; 
but  in  Intelligence,  as  before  stated,  they  are  the  highest 
in  rank  of  all  the  animals  of  the  globe. 

The  Class  of  Mammalia  has  been  variously  divided  and 
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sub-divided  by  difterent  naturalists.  A  natural  division  of 
tliis  class  into  two  Sub-classes  may  be  made  if  we  take  as  a 
basis  of  classification  the  manner  and  condition  in  which 
the  young  are  brought  forth,  and  the  structure  which  de- 
termines the  manner  and  condition  in  \vhich  the  young 
are  brought  forth.  The  Sub-classes  on  this  basis,  are  : 

L  VIVIPAROUS,  or  PLACENTAL  MAMMALIA,  or  those  whose 
young  have  the  form  of  their  parents  at  the  time  of  birth. 
These  are  the  true  or  Typical  Mammalia ;  that  is,  they  best 
represent  the  Class.  Man,  Monkeys,  Lions,  Horses,  Cows, 
Sheep,  Qoats,  etc.,  are  examples  of  this  Sub>class. 

II.  SEMI-VIVIPAROUS,  or  NON-PLACENTAL  HAMMALIA,  or 
OOTICOIDS,  or  those  whose  young  are  bom  in  a  very  im- 
mature, that  is,  in  an  embryonic  condition,  as  the  Kangaroo, 
Opossum,  etc. 

De  Blainville,  Huxley,  and  others,  recognize  three  sub- 
classes of  the  Mammalia  instead  of  two.  The  third  sub- 
class is  obtained  by  dividing  the  Semi-viviparous  Mammals 
into  two  groups.  These  three  Sub-classes  are  based  on  the 
nature  of  the  reproductive  system : 

I.  MONODELPHIA,  the  same  as  the  Placental  Mammalia,  or  those 
whose  young  at  birth  have  the  form  of  their  parents,  as  Man, 
Monkeys,  Lions,  Horses,  Cows,  etc. 
II.  DIDELPHIA,  the  same,  nearly,  as  the  Non-placental  Mammalia, 
or  those  whose  young  are  born  when  of  very  smaU  size,  and 
in  a  very  immature  condition,  as  the  Kangaroos,  Opossums, 
etc. 

IIL  ORNITHODELPHIA,  or  Bird-like  Mammalia,  or  those  whose 
structure  in  some  respects  is  like  that  of  Birds,  as  the  Duck- 
bill and  Echidna.  This  group  was  formerly  included  in  that 
of  the  Semi -viviparous  or  Non-placental  Mammals. 

Becognizing  three  Sub-classes  as  given  above,  these 
groups  and  the  Orders  into  which  they  may  be  divided, 
may  now  be  presented  in  one  view,  thus : 
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M.  MUJNODELrurs: 

1.  BiMANA,    or  erect  two-handed  mammals ;    the  hands  nevei 

used  for  locomotion  ;  Man  only. 

2.  QlJADRUM ANA,  or  non-erect  four-handed  mammals  ;  the  hands 

used,  generally,  for  locomotion  ;  as  Monkeys. 

3.  CabNIYORA,  or  flesh-eating  mammals,  with  sharp  teeth  and 

sharp  claws,  as  the  Cats,  Bogs,  etc.     ^ 

4.  TlNGULATAy  or  mammals  whose  four  feet  are  hoofed  ;  as-  the 

Horse,  Cow,  Sheep,  etc. 

M.  TOXODONTIA,  or  fossil  pachydermatous  raammsh»;  with  pecu- 
1^         liar  teeth,  the  outer  incisors  being  bow-shaped.  "^^ 

•   y^  HybACQIDBA,  or  very  small  hoofed  mammals,  in  some  respects 
V  allied  to  the  Bodenta^  and.  to  the  Rhinoceros ;  as  _the  Da- 

mans, y 

7.  PBOBOSCn)£Ay  or  mammals  whose  nose  is  prolonged  into  a 

trunk  or  proboscis ;  as  the  Elephant,  etc. 

8.  SiBENIA,  or  mammals  somewhat  whale- like  in  form,  and  her- 

bivorous in  habits ;  as  the  Manatus,  Dugong,  etc. 

9.  GeTAGEA,  or.  mammals  somewhat  fish-like  in  form,  with  pad- 

dle-like limbs,  and  camiyorous  habits;  as  Whales,  Por- 
poises, etc. 

10.  ChirOPTERA,  or  hand-wingod  mammals — ^mammals  adapted 

for  flight ;  as  Bats. 

11.  InseGTIYOBA,  or  mammals  with  teeth,  etc.,  adapted  for  eating 

insects  \  as  Shrews,  Moles,  etc 

12.  KODENTIA,  or  mammals  with  teeth  fitted  for  gnawing;   as 

Squirrels,  Beavers,  Rats.  etc. 

13.  Edentata,  or  mammals  deficient  in  teetli ;  as  the  Armadillo, 

SlothTAnteater,  etc 


14.  MabsTJPIALIA,  or  mammals  with  a  sack  or  pouch  in  which  the 

young  are  carried  after  birth. 

m.  iiRimHui>«uBau, 

15.  MonQTBEMATA,  or  mammals  which  have  some  affinities  with 

birds  :  as  the  Duckbill  and  Echidna. 

For  further  remarks  on  the  classification  of  the  Maui- 
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malia,  the  student  is  referred  to  the  writings  of  Gill, 
Dana,  Huxley,  and  others.* 

■  -  ■       -»»       »■       ■■     ■  W^— 1— — ^IM^^^^— ■»  -■  .11  I  ■  —I      .1«M.  ■       ■        ■M— ^^^^^— ^M        I  ^— ^—  11  ■■■■■III  »Mrf 

*  One  of  the  most  recent  classifications  of  the  Mammalia  is  that  of  Dr.Gill. 
His  classification,  omitting  all  except  the  sub-classes  and  orders,  stands  thus : 

MONODELPHIA. 

1.  Primates. 

2.  Fene. 

3.  Ungulata. 

4.  Toxodontia  (fossilX 

5.  Hyracoldeu. 

6.  Proboscidea 

7.  Sirenia. 

8.  Cete. 

9.  Chiroptera. 

10.  Insectivora. 

11.  Glires. 

12.  Bruta. 

DIDELPHIA. 
18.  Marsuplalia. 

ORNITHODELPHIA. 

14.  Monotremata. 
The  classification  of  the  Mammalia,  according  to  Professor  J.  D.  Dana, 
stands  essentially  thus : 

I.  Archonts. 

1.  Blmana,  or  Man. 

II.  Meoasthbnes    (from   the    Gr.  III.  MiCBOSTHEinss  (from  the  Gr. 

fiuya«,     great,     and     sthenos^  mikrosj    smaU,    and    sthenos^ 

strength).  strength). 

2.  Quadramana   or    Four-handed  6.  Chiroptera     or    fland-winged 

mammals,  as  Monkeys.  Mammals,  as  Bats. 

8.  Camivora   or  Flesh-eaters,  as  7.  Insectivora,  or   Insect-eaters, 

Lions,  Dogs,  Weasels,  etc.  as  Moles,  Shrews,  etc. 

4.  Herbivora   or   Plant-eaters,  as  8.  Bodentia  or  Gnawers,  as  Squlr- 

Blephants,  Horses,  Sheep,  etc  rels,  Beavers,  Rats,  etc. 

5.  Mutilata,  or  Mammals  having        9.  Edentata,    or  Mammals  defi- 

paddle-like  limbs,  as  Whales,  cient  in  teeth,  as  Armadillos, 

etc  Sloths,  Ant-eaters,  etc 

IV.  OoncoiDS  (from  the  Gr.  oon,  an  egg). 

10.  Marsuplalia  or  Pouched  Mammals,  as  the  Kaugaroos,  Opossums,  etc 

11.  Monotremata  or  Bird-like  Mammals,  as  the  Duckbill,  etc 
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Sub-section  II. 

The  Order  of  Bimana  or  Man. 

The  structure  of  Man  is  essentially  the  same  in  kind  as 
that  of  other  mammals,  diflfering  only,  or  mainly,  in  de- 
gree ;  but  the  degrees  of  difference  separate  him  widely 
from  all  other  mammals,  and  place  him  in  an  order  by 
himself,  and  far  above  all  other  members  of  the  animal 
kingdom. 

Man  is  the  only  animal  to  which  the  erect  position  is 
natural;  his  whole  organization  is  perfectly  adapted  to 
that  attitude.  His  foot  is  broad  and  plantigrade ;  that  is, 
the  sole  of  the  foot  is  placed  flat  upon  the  ground ;  the  leg 
bears  vertically  upon  the  foot ;  the  toes  are  short,  and  all 
on  the  same  level,  and  the  innermost  toe  is  much  the  long- 
est and  cannot  be  opposed  to  the  others ;  the  pelvis  is 
short  and  broad;  the  back-bone  is  in  slight  alternate 
curves ;  and  the  head  is  beautifully  poised  at  the  very  sum- 
mit of  the  structure. 

Man  alone  has  one  pair  of  limbs  liberated  wholly  from 
the  function  of  mere  locomotion,  and  made  subservient 
for  higher  purposes. 

The  hand  of  man  is  superior  in  its  structure  and  in  its 
functions  to  the  corresponding  member  of  any  other  ani- 
mal. His  hand  has  sometimes  been  called  an  intellectual 
member  ;  for  all  that  his  mind  can  conceive,  whether  in 
literature,  invention,  or  art,  his  hand  can  express  in  visible 
forms.  (The  name  Bimana  comes  from  the  Latin  Jis,  twice, 
and  manvSj  a  hand^ 
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The  brain  o£  man  is  relatively  tlie  largest  among  all  the 
Mammalia,  and  absolutely  larger  than  tliat  of  any  other 
Animal  excepting  that  of  the  elephant  and  the  whale. 
And  of  all  animals  man  exhibits  the  largest  facial  angle.* 


ninitnUng  the  ficiil  ugle  of  i  Negro.  iOwicaal*D,  anil  ui  Onmg-aaUna. 

His  face  is  a  model  of  beauty,  and  is  endowed  with  a 
jjreater  power  of  expression  than  is  to  be  fonnd  in  any 
other  animal.  Man  alone  has  the  power  of  tme  speech. 
Even  physically  considered,  he  is  the  highest  possible  ex- 
pression of  a  vertebrate. 

But  Man  is  the  highest  representative  of  the  Animal 
Kingdom,  not  only  on  account  of  his  superior  form  and 
higher  physical  organization,  but,  above  all,  on  account  of 
those  high  mental  and  spiritual  endowments  which  belong 
to  him  alone,  and  which  enable  him  to  nnderstand  and 
ap^H^ate  the  wonderful  and  sablime  harmonies  of  the 
material  and  moral  world,  and  his  own  relations  to  the 
Author  of  Nature  and  of  Eevelation. 

•  If  a  straight  line  he  drawn  rrom  near  tlie  opening  of  the  external  ear 
to  the  Iwae  of  tbe  nose,  and  If  this  line  be  lnt«raccted  by  another  atrul^'bt 
tine  drawn  from  the  most  prominent  part  of  the  forehead  to  the  most 
prominent  ]Tart  of  the  upper  jaw,  the  angle  thus  formed  la  called  the  Foetal 
angle.  In  the  Dog  the  faclnl  angle  la  about  30°;  In  the  hlftbeBt  Monkeys  or 
ipes,  aboot  40» ;  In  Negroee,  66'  to  TO" :  tn  the  Whlt«  race,  16"  lo  90  or  IW. 
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Sub-section  III. 
The  Order  of  Quadrumaka  or  Monkeys. 

As  their  name  indicates,  the  animals  belonging  to  this 
order  have  each  of  their  four  extremities  hand-like ;  that 
is,  the  first  digU  on  each  extremity  is  a  thumb,  opposable 
to  the  fingers.  (  The  name  Quadrumana  comes  from  the 
Latin  quatuor^  four,  and  mcmics^  a  hand^ 

The  animals  of  this  order  are  popularly  known  as  apes, 
monkeys,  and  baboons.  Some  of  them  bear  a  general  re- 
semblance to  the  members  of  the  human  family :  but  there 
are  wide  difibrences  between  the  Quadrumana  and  Man, 
even  when  physically  considered. 

The  erect  attitude,  as  we  have  seen,  is  the  natural  one 
for  Man ;  not  so  with  any  of  the  Quadrumana.  Although 
some  kinds  may  stand  and  even  walk  somewhat  erect,  this 
attitude  is  unnatural  and  insecure,  the  hind  feet,  or  hind 
"  hands,"  then  resting  on  their  outer  edges  only,  and  their 
narrow  pelvis  being  unfavorable  for  the  maintenance  of  an 
equilibrium. 

It  is  true  that  the  hands  of  the  Quadnimana  bear  a  very 
close  resemblance  to  human  hands ;  but,  although  admira* 
bly  adapted  to  grasping  and  climbing,  they  are  greatly  in- 
ferior to  the  perfect  hand  of  Man,  in  delicacy  of  structure 
and  fimctions.  In  many  species  the  face  presents  some- 
thing human-like  in  appearance ;  but  the  elongated  muzzle, 
even  of  the  highest  species,  is  far  more  like  that  of  the 
ordinary  quadrupeds  than  like  that  of  man. 
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The  Qnadruniaiia  are  selfieli,  crafty,  malicious,  and  thiev- 
sh.     Some  Bpeciee  are  docile,  and  caii  be  trained  to  per- 
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form  remarkable  feats ;  but  none  liave  ever  been  trained 
to  render  really  nsefnl  service  for  man.  They  inhabit  the 
warm  regions  of  both  hemisphei-es. 

All  the  Qiiadnimana  of  the  Eastern  hemisphere,  except 
the  Lemuroidea  (page  78),  are  called  (pATAi^HmE  mon- 
keye,  from  the  position  of  their  nostrils,  wliicb  are  oblique 
and    placed  near  together.     Tliia  term  comes  from  two 
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Greek  words,  katay  down,  and  rhin,  uoee)  The  Oatarrhine 
monke^TB  are  tlie  lai^est  and  the  most  powerfol,  and 
the  moet  ferocious  of  all  the  Qaadriimana,  and  thoee  which 
bear  the  nearest  resemblance  to  Man,*l  IheJ-twetL  -wb 
thirty  two,  tlie'Bame.iiambec-as-iB^£aii.    Some  species  of 
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these  monkeyB,  as  the  Gorilla,  and  Cliimpanzee,  of  tropical 
Western  Aftica,  the  Orang-Ontang,  of  Borneo,  and  the 
Gibbous,  of  India,  are  known  as  Man  Apes  or  Anthropoid 
Aptt.  These  have  no  tail,  and  to  the  casoal  observer  thejr 
havesomethinghDuian-likeintheirappeanuice.  TheChim- 
panxee  and  Orang  approximate  man  in  raze,  and  the  Go- 
rilla is  vastly  more  bulky  than  a  man. 

•  Hoxl^,  who  mctodeE  bott  Man  wrd  the  Qudnmiua  to  ooe  w*w,  »he 

Order  of  Primate  ditUes  that  order  into  three  Sab-ord^rs,  thus : 

r  Anthioplds  lUuiX 

Pri^ittt.  I  StmiadK  (Apes  lod  VoBkersX 

[  Lemirfdr  (Lemnrsk 

Dr.  Tbeodore  Gill  Isee  Amngenient  of  FwniHeB  of  Xuaab.  Smtthao- 

wan  JbcdbDeoos  fuaecCioost,  diiUee  the  Primates  inta  two  S«h-<MderB : 
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Gorifla,  Trofflodytts  (If^Ila,  Hiitii^, 
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Of  tlie  tailed  monkeys  of  the  Eastern  )ietuiephere,  eome. 
of  the  more  interesting  are  the  Semuopitheci  or  Solemn 
na.  79.  Apes,  of  Asia  and  the  Asiatic  Archi- 

pelago, one  of  which,  the  Kahau 
(Fig.  73),  is  celebrated  for  its  very 
long  Qose ;  the  Guenone,  which 
move  in  large  troops  and  commit 
great  havoc  in  fields  and  gardens; 
the  Macacos,  which  have  shorter 
hmbs  and  longer  muzzle  than  the 
QuenoQs ;  and  the  Barbar}'  Ape  that 
^^  inhabits  the  precipitous  sides  of  the 
soimibeT.  Bockof  Gibraltar.     The  Catarrhines 

also  include  all  the  quadnuuana  known  as  Baboons,  and 
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which  are  the  nglieet  and  most  ferocious  of  all  the  moiikey 

tribes.     They  have  the  muzzle 

much  lengthened  and  are  often 

called  Bog -headed  monkeys, 

and  Mandrills.     Tliey   belung 

mainly  U>  Africa  and  the  Phi- 

hpplne  iBlands. 

All  of  the  Quadrumana  which 
inhabit  America  are  called  the 
tPLATTBHiME  monkejB,  so  named  from  the  Greek  plaius, 
broad,  and  rhm,  nose  ;\they  have  the  nose  with  the  median 
septum  broad— the  npetrils  wide  apart.  These  monkeys,  as 
a  group,  are  smaller  and  lees  ferocious  than  the  CatarrhineB, 
and  aa  a  whole  are  regarded  as  interior  to  them.  Except' 
iufl  thn  lilitir  ninnlrrjn  rnllfiH  Mijnnnnrtn  (Fig.  TT)r-wb4<^ 
ba¥«-uiily  tllh'ty-Hvo,  Lbe  Phrtyiliiwea  havt  thirtjr-sijt  teeth. 
And  in  many  species  the  tail  is  prehensile — a  characterift- 
tie  not  found  in  any  catarrhine  monkey. 

The  prehensile  tail  of  these  monkeys  is  capable  of  being 
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twisted  firmly  around  branches  of  trees,  and  some  species 
are  thus  able  to  sustain  the  entire  weight  of  the  body. 
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The  tail  is  alao  Bensitive,  and  time  becomeB  both  an  organ 
of  feeling  and  preheneion,  enabling  the  poaeeeeor  to  obtain 
small  object*  even  where  the  hand  cannot  be  inserted. 

Prominent  among  the  Plat^rhine  monkeys  are  the 
Howlers,  large  monkeys,  which  have  a  vocal  apparatus  by 
which  they  produce  the  most  frightful  howls ;  bthers  are 
known  as  Weepers  from  their  plaintive  cry ;  others  as 
Spider  monkeys  (Pig-  76),  from  their  long  and  sprawl- 
ing legs.  All  these,  and  many  others,  have  the  tail  pre- 
hensile. Besides  these  there  are  the  Fox-tailed,  Sqnirrel, 
and  Night  mojikeys,  and  the  Marmosets  mentioned  above, 
all  of  which  have  non-prehensile  tails. 

(The  SraEi^GaBHiNE  quadrumana  are  so  named  on  acconnt 
orthwr  curved  nostrils.  The  name  is  derived  from  two 
Greek  words  etreptoe,  twisted,  and  rhin,  nose.  They  in- 
habit Madagascar,  Central  and  Western  Africa,  and  India ; 
and,  excepting  their  four  extremities,  they  much  resemble 
the  ordinary  quadruped^  They  are  beet  known  as  the 
Leinnroidea ;  and  they  are  also  often  called  Makis. 

Fio.  JB.  True  I^miire  havo  cix  inoiooro  in 

-the^ower  jaw  and  only  foar  ifl-the 
upper.  Those  known  as  Indri  have- 
pnlyJour  inc-isors  in  tlie  Iowct  j&w. — 
Those  called  Loriees  live  in  the 
East  Indies,  and  have  a  very  slender 
body.  The  Galagos  of  Africa  and 
the  Tarsiers  of  the  Moluccas  have 
the  tail  tufted,  and  the  eyes  and 
ears  large. 

More  curious  than  all  the  other 
lemuroids  ie  the   Aye-Aye,  which, 

Lemnr,  Lemur  caOa,  Linn.        aCCOrdiug    tO    tllC  latest    aUthoritioS, 

must  be  placed  here ;  but  its  true  place  has  been  regarded  as 


QCABRUMANA :   LEMUBOIDEA,  -  79 

somewhat  doubtful.    The  Aye-Aye  furnishes  lis  with  an  ex- 
ample of  a  synthetic  or  comprehensive  t^'pe ;  tliat  is,  a  type 
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wliich  combines  within  itself  characterietics  which  belong 
to  two  or  more  distinct  groups.  This  strange  animal  in- 
habits Madagascar,  and  has  s  body  about  the  size  of  that 
of  a  cat,  and  its  tail  is  long  and  bushy,  and  curves  down- 
ward. In  the  form,  structure,  and  mode  of  growth  of  its 
incisor  teeth,  the  Aye-Aye  is  like  the  llodents  ;  but  in  the 
form  of  its  head  and  body,  and  in  the  opposable  thumb  of 
its  hind  feet,  it  is  allied  to  the  Quadrumana.  The  body 
is  covered  with  short  and  soft  grayish  hair,  and  longer 
hairs  of  a  very  dark  brown  color.  Its  hand  is  unlike  that 
of  any  otlier  animal,  being  especially  remarkable  on  ac- 
count of  the  slendemess  of  the  middle  finger.  So  far  as  is 
known,  the  Aye- Aye  is  nocturnal  in  its  habits.  It  readily 
climbs  trees,  and  sometimes  suspends  itself  by  its  hind  feet 
head  downward,  in  which  position  it  is  said  to  comb  its 
tail  with  its  long  fingers !  Its  food  is  believed  to  be  mainly 
grubs  which  it  get3  from  beneath  the  bark  of  trees.  The 
Aye-Aye  is  the  type  of  a  distinct  family-4Cheirorayidt^ 
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SUB-SBCnON  IV. 
I        The  Obdeb  of  Gabkiyoba  ob  Flesh-batbbs. 

The  mammalia  which  compose  this  Order  feed  wholly  or 
mainly  upon  flesh ;  and,  with  few  exceptions,  tliey  capture 
the  animals  upon  which  they  feed.  They  are  distinguished 
from  all  other  animals  not  only  by  their  general  appear- 
ance, but  especially  by  their  sharp  teeth,  sharp  claws,  and 
by  their  internal  digestive  apparatus. 

The  Camivora  have  teeth  of  three  kinds,  and  all  of  their 
teeth  are  covered  with  enamel.  They  have  normally  six 
incisors  in  each  jaw,  the  lateral  ones  being  the  largest;  a 
stout  canine  in  each  side  of  both  jaws,  just  behind  the  in- 
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cisors ;  and  a  variable  number  of  molars  which  are  wholly 
trenchant,  or  in  part  with  tuberculous  crowns.  Thus  the 
molars  of  the  Oarnivora  are  not  properly  grinding  teeth, 
but  those  in  the  upper  and  lower  jaws  shut  by  each  other 
so  as  to  cut  the  flesh  of  the  prey  like  a  pair  of  shears. 
The  stomach  of  the  Oarnivora  is  simple,  and  the  intes- 
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tines  relatively  very  short,  thus  perfectly  adapted  to  their 
easily  digestible  food,  which,  as  we  have  just  stated,  is  the 
flesh  of  other  animals. 

The  legs  of  the  Camivora  have  the  proximal  joints,  tliat 
is,  the  joints  nearest  the  body — as  the  upper  ones  of  the 
humerus  and  femur — ^more  or  less  covered  by  the  general 
integmnent  of  the  body ;  and  the  clavicles  are  imperfect 
or  wholly  wanting  in  this  order. 

The  forms  of  the  Carnivora  are  various,  and  each  dis- 
tinct typical  form  may  be  taken  as  the  type  of  a  distinct 
family.  A  few  of  the  leading  representatives  may  now 
be  briefly  noticed.* 

Of  all  the  Carnivora,  the  Cats  or  Felid^  are  the  most 
dexterous  and  rapid  in  their  movements,  and  are  endowed 
with  the  keenest  senses,  and  are  the  most  rapacious  and 
formidable.  In  a  word,  they  are  typical  Camivora;  that 
IS,  they  are  types  or  best  representatives  of  the  whole 
order.  Their  head  is  short  and  broad,  the  teeth  and  claws 
excessively  sharp,  and  the  latter  are  concealed  in  a  sheath 
while  the  animal  is  walking  or  at  rest,  but  are  instantly 
thrust  forth  when  occasion  requires  their  use.  The  tongue 
is  covered  with  sharp  prickles  pointing  backwards;  ^e- 
-4uuuber  of  mature  teeth  is  twenty-eight  or  thirty,  and  the 

*  The  Carnivora  are  often  spoken  of  as  comprising  three  great  groups, 
the  classification  being  based  on  their  means  and  modes  of  progression, 
thus : — 

1.  DiGiTiGSAPBs,  from  the  Latin  digitus^  a  finger,  and  gradi^  to  walk ;  or 
those  wliich  walk  on  the  toes  without  touching  the  heel  to  the  ground,  as 
the  Cats,  Hyenas,  Dogs,  Weasels,  etc. 

2.  Plantigrades,  from  the  Latin  planta^  the  sole  of  the  foot,  and  gradi^ 
/  to  walk  ;  or  those  which  in  walking  place  the  sole  of  the  foot  flat  upon  the 

ground,  as  Raccoons,  Bears,  etc. 

8.  PiNNiGBADES,  from  the  Latin  pinna^  a  fin,  and  gradiy  to  walk ;  or  those 
which  progress  by  means  of  fin-lilie  paddles,  as  the  Seals  and  the  Walrus. 
They  are  often  called  Pinnipedla. 

4* 
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4eiit^-^i'iiiiilii  ia,  tnciBora "^'caninea  y,  pretrn^MA  «»d 
laolars  ^  tw  ^-  The  feet  are  digitigrade,  with  live  toes 
before  and  four  behind.  Tlie  aolea  are  densely  liairy,  witli 
naked  pads  on  tlie  ball  of  the  foot  and  under  each  toe. 
The  cnshion-like  nature  of  the  bottom  of  their  teet  enables 
these  animals  to  noiselessly  approach  their  prey,  whicli 
they  seize  by  a  sudden  spring. 

The  true  Oats  have  a  long  and  tapering  tail>  wliich  in 
tlie  lion  is  tufted,  aad-the-  ffl^ats-ai*-^  Sucli  are  the 
Lion  of  Africa  and  Asia,  an  animal  whose  body  is  eight 
feet  long  and  whose  body  is  of  a  tawny-yellow ;  the  Koyal 
Tiger  of  India,  even  lunger  than  the  Lion,  and  of  a  lively 
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fawn  color,  beautifully  striped  with  black ;  the  Jaguar  of 
South  America,  somewhat  smaller  tliau  the  Tiger,  and  of 
a  brownish-yellow  color  beautifully  marked  with  rosette- 
like  figures  on  the  sides ;  the  Panther  of  Africa  and  India, 
of  ft  lawn  color  with  six  or  seven  rows  of  black  spots  or 
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blotches  on  each  flank ;  the  Leopard  of  Africa  and  India, 
Birailar  in  appearance  to  the  Panther,  but  with  ten  rows  of 
smaller  Bpots  on  the  sides ;  the  Puma,  which  is  found 
from  Canada  to  Patagonia,  and  which  is  larger  than  the 
largest  doge,  and  wliose  color  is  pale  brownish-yellow, 
finely  mottled  by  dark  tips  to  the  hairs ;  and  such  also  are 
the  Ocelot  and  Tagoarundi,  cats  found  from  Texas  to  South 
America ;  and  such,  of  course,  is  the  domestic  cat,  oiigi- 
nally  from  the  forests  of  the  East,  but  now  found  all  over 
the  world  in  company  with  man.  All  the  true  Cats  be- 
long to  the  genne  I^eUs. 

The  cats  known  as  Lynxes  have  the  tail  very  short,  and. 
thryhriTr  nnf  mrlnr  ln^n  tblin  tlir true- uat^  -ia  each  sJde-of 
tbe-BpfwrjaBi.  Ab  examples  of  this  kind,  we  may  mention 
the  Canada  Lynx,  about  forty  inches  in  length,  and  of  a 
grayish  hoary  color  waved  with  black,  and  the  ears  tipped 
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with  a  pencil  of  black  hairs ;  and  the  American  "Wild- 
Cat  (Zynx  Tufus),  wliich  is  about  thirty  inches  long,  and 
of  a  pale  rufous  color  overlaid  with  grayish,  and  whose 
ear  ie  black  on  the  outside  and  has  a  white  patch,  and 
whose  tail  has  a  black  patch  above  at  the  end. 
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Of  all  tlie  Camivora  probably  none  can  be  regarded  ae 
uglier,  in  tlieir  general  appearance,  than  the  Hyenas  or 
Hyenadfe;      Thoy  have  the  fore  legs  longer  than  the  hind 
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ones,  the  clawa  non-retractile,  the  feet  fonr-toed,  and  the 
tongue  rough.  Their  }>remolars  are  verylai^  and  blunt ; 
and  these  animals  are  able  to  cmsh  the  bones  of  very  large 
animals,  and  swallow  the  fragments  without  masticating 
them.  So  powerful  are  the  muscles  of  the  neck  and  jaws 
that  it  ie  next  to  imposBible  to  wrest  anything  from  l>e- 
tween  their  teeth. 

Hyena?  live  in  caves,  are  nocturnal  in  their  habits,  are 
extremely  voracious,  and  feed  chiefly  upon  prey  which 
they  find  dead.  They  are  emphatically  the  scavengers 
among  the  Camivora.  They  belong  to  Africa  and  Asia, 
.and  are  about  five  feet  in  length.    Bones  of  Hyenas  have 
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been  found  in  caves  in  many  places  in  England  and  on  the 
continent  of  Europe ;   tliey  are  bones  of  extinct  Bpecies, 

The  Civets  are  small  carnivorous  animals  of  tlie  aver- 
age size  of  the  domestic  cat,  but  more  elongated,  and  with 
a  more  pointed  muzzle,  and  with  a  long  tail.  In  most 
cases  the  feet  are  digitigrade,  with  haity  soles  and  re- 
tractile claws.  Civets  secrete  in  a  sort  of  pouch  or  gland 
a  snbstance  formerly  much  used  in  perfumery,  and  which 
was  long  an  important  article  of  commerce.  They  belong 
to  the  Old  World,  and  constitute  the  family  Viverridte. 

The  Dogs,  Wolves,  Foxes,  and  Jackals  are  representa- 
tives of  the  Camivora  which  constitute  the  family  known 
as  the  Canidae.  They  have  a  rather  long  body,  a  more  or 
less  elongated  and  pointed  mnzzte,  a  smooth  tongue,  and 
the  fore  feet  five-toed  and  the  hind  ones  four-toed.  Of 
all  mammals  the  dog  is  the  only  one  that  has  followed  man 
into  every  quarter  of  the  world.  The  varieties  are  exceed- 
ingly numerous ;  all,  however,  have  the  tail  recurved.  The 
origin  of  tlie  Dog  is  uncertain ;  some  naturalists  considering 
this  animal  a  modified  wolf,  and  others  a  modified  jackal. 


The  Wolves  have  the  tail  straight,  that  is,  not  recurved, 
and  more  or  less  buahy.    They  are  crafty,  ferocious,  and 
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greedy ;  feeding  upon  whatever  they  can  kill,  and  aleo 
gorging  themselves  Bpon  the  bodies  of  dead  animals,  which 
they  scent  at  great  distances.  They  hunt  in  packs,  and  are 
thus  able  to  overpower  animals  which  singly  they  could  not 
master.  In  newly-eettled  districts  wolves  often  make  great 
havoc  among  sheep,  calves,  and  other  domestic  animals. 

The  Foxes  are  at  once  distinguished  by  their  slender 
and  pointed  rauzale,  large  boshy  tail,  and  elliptical  pupil 
of  the  eye.  Foxes  excel  all  the  other  members  of  the 
Dog  family  in  cunning  and  craftiness.  The  Ked  Fox,  of 
a  reddish-yellow  color,  is  our  common  species ;  the  Cross 
Fox  and  the  Black  or  Silver  Fox  are  regarded  as  mere 
varieties  of  the  first-named.    X^i 

Other  representatives  of  the  Carnivora  are  the  Fishers, 
Martens,  Sables,  Weasels,  Minks,  Gluttons,  Skunks,  Bad- 
gers, Otters,  etc.,  all  of  which  belong  to  the  great  family  of 
the  Mustelidse,  and  agree  in  a  general  way  in  having  a  long, 
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slender  body  and  five-toed  feet,  and  in  having  glands 
which  secrete  a  liquid  of  the  most  disagreeable  odor. 
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Those  known  as  Martens  {Mustda)  hava  thirty  eight 
teotb,  -jwd  are  arboreal  in  their  habite.  Such  are  the 
Fisher,  whicli  ie  two  feet  Jong  to  the  tail,  and  of  a  black 
color ;  the  American  8able,  which  is  geventeen  inches  long 
to  the  tail,  of  a  reddish-yellow,  clonde4  with  black,  and 
which  yields  the  highly  prized  furs  known  as  Hudson  Bay 
Sable ;  and  the  Siberian  Sable,  so  celebrated  for  lumishing 
the  costly  far  known  as  Huseian  Sahle. 

The  Weasels  and  Minks  have  the  body  exceedingly 
slender,  imd  tluiljfaiu'  tooth.  The  "Weasels  are  brown 
in  sommer  and  white  in  winter,  with  the  tip  of  the  tail 
black.  The  costly  fur  known  as  ermine  is  furnished  by 
a  weasel  of  the  cold  parts  of  Europe  and  Asia.  Weasels 
are  all  very  small  animals,  having  the  body  only  from  six 
or  eight  inches  to  less  than  a  foot  in  lengtli.  Minke  are 
abotit  seventeen  inches  long  to  the  tail,  and  their  color  is 
dark-brown  or  black  in  summer  and  winter.  Both  Weasels 
and  Minks  belong  to  the  genos  Putoriua. 

The  Wolverines  (Gulo)  have  a  much  stouter  body  than 
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the  typical  mem'bers  of  the  MuBtelidse,  and  have  a  Tery 
buBhy  tail.  Our  only  species  is  found  in  the  cool  and  cold 
portions  of  our  country,  and  is  about  three  feet  long  to  the 
root  of  the  tail,  and  the  general  color  is  dark-brown ;  tlie 
tail,  legs,  and  under  parts  are  black.  It  is  very  trouble- 
some to  the  sable-hunters,  by  breaking  up  their  wooden 
traps  and  destroying  the  bait,  or  game ;  it  also  destroys 
caches  of  provisions. 

The  Skunks  have  a  pointed  nose,  a  bushy  tail,  and  feet 
iitted  for  digging.  They  are  well  known  by  the  intoler- 
able odor  which  they  emit  when  dis- 
turbed. They  are  nocturnal,  and 
feed  upon  beetles  and  other  small 
animals,  and  upon  eggs.  They  walk 
on  most  of  the  sole  of  the  foot,  with 
the  back  much  curved  and  tail  erect. 
Five  species  are  found  in  North 
America, 

The  Badgers  have  a  stout,  robust, 
depressed  body,  very  short  tail,  much 
fnlarged  fore  claws  adapted  for  dig- 
ging.    Our  only  species  is  found  in  tlie  western  and  north- 
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■wertem  portions  of  the  coontry,  and  its  body  is  a  little 
less  than  two  feet  long,  and  the  general  color  is  grayish. 
Badgers  live  in  bnrrows,  and  dig  with  astonishing  rapidity. 
The  Otters  liave  a  flat  head,  elongated  body,  short,  pal- 
inated  feet,  and  depressed  tail.  They  are  aquatic,  and 
feed  upon  fisli,  which  they  pursue  with  such  dexterity  that 
few  are  swift  enongh  to  elude  them.  Otters  have  a  singn- 
lar  and  amusing  habit  of  sporting.  Selecting  a  bank  of 
enow  in  winter,  or  a  clayey  bank  in  summer,  they  scramble 
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to  the  top,  and  tlien  slide  head  foremost  to  the  bottom.  If 
their  sliding-place  leads  into  the  river,  as  is  generally  the 
case,  they  go  plump  into  the  water,  whence  they  quickly 
come  forth  again  to  repeat  an  operation  which  evidently 
gives  tliem  great  satisfaction.  The  American  Otter  is 
about  three  feet  long  to  tlie  tail,  and  the  color  is  brown 
above,  slightly  lighter  beneath ;  and  the  fur  is  of  two 
kinds,  one  long,  somewhat  coarse,  and  scattered,  the  other 
shorter,  fine,  and  dense. 


VEBTEHBATA  :   UAMMALIA. 


Passing  from  the  more  typical  members  of  tlie  Oamivorft, 
we  come  now  to  the  Bears  and  Raccoons,  which,  though 
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being  carnivorous  animals,  feed  more  or  less  upon  vege- 
table food.  They  are  true  plantigrade  carnivora — those 
which  walk  on  the  whole  sole  of  the  foot.  They  are  five- 
toed.  Many  of  the  species  are  ready  climbers.  Those 
which  inhabit  cold  climates  pass  the  winter  in  a  torpid  state. 
The  true  Bears  or  Ursiflte  have  a  large,  thick  body,  broad 
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head,  Bhort   tail,  wholly    plantigrade    feet,  with    naked 

soles  and  long  nails.     Tim  dftutal  fuiiimla  Ih,  InctBgre  - 

The  Grizzly  Bear,  of  the  plains  of  the  Upper  Missonri, 
and  of  California,  is  eight  feet  in  length,  the  hair  coarse, 
and  the  color  grizzly.  The  feet  are  very  large,  and  the  fore 
daws  are  twice  as  long  as  the  hind  ones,  and  on  the 
largest  individuals  are  six  inches  in  length.  This  animal 
is  one  of  the  most  powerful  and  most  ferocious  of  all  the 
Bear  tribe.  When  excited  by  hunger  or  anger,  it  attacks 
man  or  any  animal  it  can  overtake.  Even  the  Bison  some- 
times fells  a  victim  to  its  ferocity,  and  is  draj^d  away 
whole  to  be  eaten  at  leisure.  The  Brown  Bear  of  Europe 
(Fig.  93)  is  a  species  closely  alUed  to  the  Grizzly. 


Skull  or  Brown  Bear,  Ptjhi  oretoi,  LlnMBm. 

The  Black  Bear,  of  North  America  generally,  weighs 
from  two  hundred  to  four  hundred  pounds,  is  of  a  uniform 
black  or  deep  brown  color,  and  the  hair  is  comparatively 
soft  and  glossy.  Under  ordinary  eircumstanees  this  bear 
is  not  very  ferocious.  The  Polar  Bear  is  eight  feet  long, 
and  attains  the  weight  of  one  thousand  to  fifteen  hundred 
pounds.  It  is  snow-white,  wholly  carnivorous,  and  feeds 
upon  seals  and  other  animals. 
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Passi  I  ig  from  the  more  typical  members  of  the  Cam  ivora, 
we  come  now  to  the  Beare  and  EaccoonB,  which,  though 


QiSzzly  Ben,  ITmu  horribilit,  Onl. 

being  eamivorouB  animals,  feed  more  or  less  upon  vege- 
table food.  They  are  true  plantigrade  carnivora — thosfe 
which  walk  on  the  whole  sole  of  the  foot.  They  are  five- 
toed.  Many  of  the  species  are  ready  climbers.  Those 
which  inhabit  cold  climates  pass  tlie  winter  in  a  torpid  state. 
The  true  Bears  orUrsifltehave  a  large,  tbiek  body,  broad 
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head,  short   tail,  wholly    plantigrade    feet,  with    naked 
Boles  and  long  nails.     The   dental   Joiumlu  Ib,  lllctagB 

The  Grizzly  Bear,  of  the  plains  of  the  Upper  Kieeoiiri, 
and  of  California,  is  eight  feet  in  length,  the  hair  coarse, 
and  tlie  color  grizzly.  The  feet  are  very  large,  and  the  fore 
claws  are  twice  as  long  as  the  hind  ones,  and  on  the 
lai^est  individuals  are  six  inches  in  length.  This  animal 
is  one  of  the  most  powerful  and  most  feroeioiis  of  all  the 
Bear  tribe.  When  excited  by  hnnger  or  anger,  it  attacks 
man  or  any  animal  it  can  overtake.  Even  the  Bison  some- 
times  falls  a  victim  to  its  ferocity,  and  is  dragged  away 
whole  to  be  eaten  at  leisure.  The  Brown  Bear  of  Europe 
(Fig.  93)  is  a  species  closely  allied  to  the  Grizzly. 


Skull  of  Brown  Bemt,  Urtui  arefoi,  LiotlBTiB. 

The  Black  Bear,  of  North  America  generally,  weighs 
from  two  hundred  to  four  hundred  pounds,  is  of  a  tmiform 
black  or  deep  brown  color,  and  the  hair  is  comparatively 
soft  and  glossy.  Under  ordinai-y  circumBtancea  this  bear 
is  not  very  ferocious.  The  Polar  Bear  is  eight  feet  long, 
and  attains  the  weight  of  one  thousand  to  fifteen  hundred 
pounds.  It  is  snow-white,  wholly  carnivorous,  and  feeds 
npoD  seals  and  other  animals. 
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The  Eaecoona  or  ProcjflgidffiVliave  a  poiBted  muzzle,  and 
moderately  long  tail,  and  they  are  less  than  two  teet  in 
length,  to  the  tail.    The  KaccooriB  are  nocturnal  in  their 


hahitB,  and  feed  upon  roots,  birds,  and  other  small  animals. 
They  are  eaaily  tamed,  and  are  said  to  dip  their  food  in 
water  before  eating  it. 

In  taking  leave  of  the  Fissiped  (Latin  _;?8*Ma,  split,  and 
pes,  pedis,  foot)  camivora,  ae  all  those  already  noticed 
are  sometimes  called,  we  may  mention  the  Civet  Cats  or 


Basaai^ffi,  animals  eomewhat  raccoon-hke  in  form.  One 
BpecieB  is  found  from  Texas  to  California,  and  is  about  the 
size  of  the  domestic  cat,  but  more  slender ;  its  color 
above  is  brownish-yellow  mixed  with  gray  beneath ;  the 
tail  is  white  and  has  six  to  eight  black  rings.  It  ia  arbo- 
real, easily  tamed,  and  a  favorite  pet  with  the  miners. 


cabsivora:  seals. 


The  caniivorous  mammala  which  have  their  locomotive 
organs  paddle-lite  or  fin-like,  and  which  have  their  home 


PC  cerrkca]  TertebrA  ;  vd,  doreal  vertebra  ;  vt,  lumbar  vertebrre  ;  ct,  uctjlI  vert^ 
brnorBAcnua  ;  oq.  caudml  Tertebm  ;  c,  rlba  ;  s,  steroum;  o.  acftpala  i  h^hvnama  ; 
T,  ndliu  ;  CO,  orpss  ;  nc,  metacarpus  :  pli,  pbtUmigeB  ;  p,  pe1>ilB ;  /,  (Smnr ;  r,  '»■ 
tuU ;  i,  tlbta  1  la,  Urens  ;  ml,  meUlarBua. 

in  the  Bca,  are  called  Pinnipeds  or  I'iiniiicrrtilos,  as  stated 
on  page  81.     They  are  the  Seals  and  the  "Walrus. 

The  Eared-Seals  or  Ofari&diH — named  fi-om  the  Greek 
oiti»,  an  ear — have  a  rather  stout  body  and  distinct  ex- 
ternal ears.  Their  fore  limbs  are  situated  far  back,  and 
the  digits  are  destitute  of  nails.  The  hind  feet  have  the 
toes  of  nearly  equal  length,  and  terminated  with  long, 
cartilaginous  flaps,  and  the  three  middle  toes  are  provided 

jnr'""?  ^^"  jZ^  This  family  has  its  principal  representa- 
tives in  the  Pacific  Ocean.  Some  of  its  members,  as  the 
Korthern  Fur-Seal  or  Northern  Sea-Bear,  are  seven  or 
eight  feet  long,  and  attain  a  weight  of  five  to  seven  hun- 
dred ponnds ;  and  others,  as  the  Sea-Lion,  are  twelve  or 
thirteen  feet  long,  and  attain  a  weight  of  eighteen  hun- 
dred pounds  I  The  "  Sea-Bear  "  yields  the  highly  prized 
seal  fur. 
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All  the  Common  Seals  belong  to  a  family  named  the 
Phocidae.  They  are  comparatively  long  and  slender,  and 
have  the  external  ears  obsolescent,  the  anterior  legs  Bmaller 
than  the  posterior,  and  the  anterior  and  posterior  feet  pro- 
vided with  claws.  The-KitScKte-iB^nde-sOme-^arMarin- 
^'o-  *'■  whiiihntliejuciAeis~ai$ 

5-t'  otHer»-~i»--ffhieh 
they  are  if -a»4mthecB 
In  which..! 
'  The,.* 

Common  Baal,  Phom  viluli-m,  Unn.  mally  developed,  and. 

>-the^olaS'ar»geaeEaUj.j5-J>   The  seals  of  this  family  are 
from  three  to  twenty  feet  in  length,  and  are  remarkable 
for  the  beautiful  and  intelligent  expression  of  their  eyes, 
and  also  for  their  docility  when  in  a  state  of  captivity. 
The  Walrae  of  the  Arctic  Seas  is  the  only  living  repre- 

FiO.  98- 


sentative  of  the  family  Rosmandg.  It  is  seal-like  in  its 
general  appearance,  but  is  especially  remarkable  on  account 
of  its  enormously  developed  upper  canine  teeth,  which  ex- 
tend downwards  in  the  form  of  lat^  tosks.  Its  body  is 
very  large,  equaling  in  size  that  of  the  largest  ox,  and  ia 
covered  with  short  brown  hair. 
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V 


Sub-section  V. 
The  Obdeb  of  XJngulata  or  Hoofed  Anblals. 


^  (The  mammals  which  belong  to  the  Order  of  Ungulata, 
^Njhave  the  terminal  joints  of  the  toes  encased  with  thick 
^  nails  called  hoofs,  and  the  hinder  part  of  their  feet  covered 

'^  with  hairy  skin  continuous  with  the  general  integument 


\   of  the  animal.     These  mammals  have  never  more  than 
^  four  toes  completely  developed ;  and  they  have  no  clavicles 
^  The  name  of  this  order  comes  from  the  Latin  unguLa^  a 
'-  hoof.^ 

M    Tho-ineioor  tcotha>£  the  Ungulatoo  ar4^  nermally  «fx-  irr 

^  the  uj^er-^jaw^^aad  ^^x-m.  the  lowe^j  butJnjnany  cases 

^   -^^ge-ofjth^jLippcr  jaw  arc  f owoy -than  irix-;  and- iiieisor 

^"^v^  4eefiiL-aj:fijadiolly-wautiug  4n  the  upper  jaw-of- the  -Qje^i, 

^   -A?^^^op^"j  P<^^^j  Slh^Pj  QHfL  -Goatft^thosa-of -the-k)wer 

\     j^Wy-together  witli  the.  Iwa  -canines,-  making  a "  serieE"  of 

^     eightjeeth^iimilnir  m  appearance,  i^hutting-against  ^^£»<d 

•V     pad  .above ,. 

Many  of  the  members  of  the  Ungulates — ^as  the  Camels, 
•  /v  Giraffe,  Oxen,  Antelopes,  Sheep,  Goats,  Deer,  Hippopota- 
^  mus,  and  Hogs,  and  many  fossil  forms,  as  those  known 
as  Sivatherium,  Oreodon,  Anoplotherium,  etc. — have  each 
of  their  feet  terminating  in  an  even  number  of  toes,  and 
hence  are  called  Even-toed  ungulates  or  Abtiodactyls, 
from  the  Greek  aHws^  even,  and  dxictylus^  a  finger.  And 
it  mav  be  added  here  that  the  third  and  fourth  toes  of  the 

* 

*  The  Ungulata  Include  all  the  animals  formerly  comprised  in  the  old 
groups  BichydermaJUi  and  Muminantia,  excepting  only  the  Elephant  and  its 
allieA,  and  Hyraz. 
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Artiodactyls  are  the  two  principal  ones,  and  that  they  are 
80  nearly  of  the  same  size  that  they  appear  like  a  single 


Fig.  99. 


Fio.  101. 


Tibia. 


Taraua. 


Metataraos  or  Canon 
bone. 


Proximal  phalanx  or 
great  pastern. 

[<->   Middle    phalanx    or 
little  pastern. 
Distal  phalanx. 

Foot  of  an  Artiodactyl— Deer. 
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Tibia. 


Tarsus. 


Metatarsus  or  Can- 
on bone. 


Proximal  phalanx. . 

Middle  phalanx . .  • . 
Distal  phalanx J 


f—  Styloid  bone— 
a  rudiment- 
ary digit. 


Right  fore  leg  of  a  Perisso* 
dactyl— Elephant. 


Hind  foot  of  a  Perissodactyl— Horse. 

hoof  cleft  in  the  middle ;  and,  hence,  these  animals  are 
often  called  cloven-footed  animals. 
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On  the  other  liand,  man;  ungulates — as  the  Horses, 
UliinocerofieB,  Tapira,  etc.,  and  many  fossil  forms  called 
MacriiiiGlienia  Paleotherium,  etc. — ^have  an  odd  number 
of  toes,  and,  hence,  are  called  Pbeissodaotylb,  from 
the  Greek  periaaoa,  uneven  and  dactylus,  a  hnger.  In 
these  it  is  the  third  digit  which  is  tlie  most  prominent 
one. 

Many  of  the  Artiodactyls  chew  the  end,  that  is,  mas- 
ticate their  food  a  second  time,  and,  hence,  are  called  the 
Rmninantia.  Sneh  are  the  Camels,  Giraffe,  Oxen,  Ante- 
lopes, Sheep,  Goats,  Deer,  etc.  In  accordance  with  this 
factdty,  these  animals  have  the  stomach  composed  of  four 
compartments  (see  Fig.  102),  each  having  a  special  func- 


tion. The  food  heing  partially  chewed  is  passed  into  the 
largest  stomach  or  paunch ;  thence  into  the  second 
stomach,  or  honey-comb,  where  it  is  moistened  and  com- 
pressed into  pellets,  which  afterwards  ascend  to  the  mouth 
and  are  rechewed  mainly  while  the  animal  is  at  rest ;  the 
remasticated  food  descends  directly  to  the  third  stomach 
or  leaflet,  thence  to  the  fourth  stomach  or  caillette,  which 
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is  the  true  organ  of  digeetion,  corresponding  to  the  aimple 
stomach  of  mammalB  in  geneml. 

jBolara  eaah  with  Iwe  donbic  crcoeenfrliko  feldo^  wbeee- 

I  III!  I II I  mil  Til  III!  arr  inniiilr ;  ami  th 
-jflrw^^ceprfa-^lftmab'fV     qui  in  tl 

Of  all  the  Ungulates,  few,  and  perhaps  none,  are  more 
remarkable  than  the  Camels  and  the  Llamas,  which  eon- 


il,  Camtttu  dromedaWui,  Liunieiu. 

etitnte  the  family  of  Camelidee.  Tlie  true  Camels  (Game- 
■lus)  have  the  toes  miited  below  nearly  to  the  point  by  a 
common  sole,  and  the  back  furnished  with  humps  of  fat. 
They  have  canine  teeth  iiL-botfr-jwRa^-thoseof  Lhe-luivef" 
jaw.  being  Bpeeialized  ^l  different  from  the  ineisors — twe— 
-poiBted"teetti  in  "the  place  of  incisors  Tn  Hw  n^er  jaw, 
flii  incisors  in  the  lower  jaw,  and  eighteen  to  -twen^ 
molws.    Camels  are  natives  of  Central  and  Southwestern 
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Afiia,and  are  as  indiBpensable  to  the  merchant  and  traveler 
in  crossing  the  deserts  of  the  Old  World,  as  are  vessels  for 
crossing  the  ocean.  Their  wonderful  power  of  going  a 
long  time  without  drinking  is  due  to  the  large  number 
of  cells  on  the  walls  of  the  paunch,  in  which  is  stored  an 
extra  supply  of  water.  Camels  are  about  ten  feet  long 
and  eight  feet  high. 

The  Llamas  (Atichenia)  are  confined   mainly  to   the 
'Andes,  and  are  somewhat  larger  than  sheep.    Besides 


t,  Auehenia  Jfacna,  LlDB. 


being  smaller  than  the  Camels,  they  further  differ  &om 
them  in  having  no  humps,  and  in  having  the  two  toes 
entirely  separate, 

Another  very  remarkable  form  of  artiodaetyl  ungulates 
is  seen  in  the  Giraffe,  whose  neck  is  so  long  that  its  head 
is  sixteen  or  eighteen  feet  from  the  ground  t  Both  sexes 
have  short  conical  horns  which  are  covered  with  a  hairy 
skin,  and  which  are  never  shed.  By  its  whole  structure  the 
Giraffe  is  fitted  for  subsisting  upon  food  which  grows 
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high  above  the  surface  of  the  ground.     By  means  of  its 
loug  neck  and  curiouB  prehensile  tongue  it  is  able  to 

Fia.  lOB., 


Oliaa^,  Camdaparaaiii  ffiraffit,  Onrlei. 

sectire  leaves  which  grow  at  the  height  of  twenty  feet! 
GirafFeB  have  their  home  in  the  deserts  of  Africa. 

Many  of  the  artiodactyl  uofrulates — as  the  Oxen,  Musk 
Ox,  Antelopes,  Groats,  and  Sheep,  which  together  constitute 
the  great  family  of  the  BovlSie  or  Cavicornia — have  perma- 
nent hollow  home  which  ensheathe  a  process  of  the  frontal 
bone,  the  process  being  a  sort  of  core  to  the  true  hom, 
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whieli  is  the  same,  essentially,  w  hair.    The  Oxen  or 
Bovinse  have  flie  horns  rouud. 

Of  the  Oxen  few  are  more  remarkable  than  the  Mnsk 
Ox  of  the  Barren  Grounds  of  North  America.     This 


oarione  animal  is  about  ae  large  as  a  two-jear-old  cow, 
and  the  body  is  covered  with  long/brownisli  black  hair. 

As  examples  of  the  typical  or  tme  oxen  {Bo8\  we 
may  mention  the  domestic  ox,  and  the  Buffalo  or  Bison 
of  onr  Western  plains,  which  attains  the  size  of  a  large 
domestic  ox.  Here  also  belong  the  Aurochs  of  the  Can- 
casns,  the  Cape  Buffalo  of  South  Africa,  and  the  Ami  of 
India ;  the  last  with  horns  ten  feet  from  tip  to  tip. 

The  artiodactyls  which  have  their  horns  rounded,  va- 
riously curved,  ringed,  and  black,  are  called  Antelopes 
(Antilope).  Of  these  nearly  a  hundred  species  are  known, 
varying  in  size  from  the  light  and  graceful  Gazelle  (Fig. 
109)  of  Northern  Africa — not  larger  than  a  fawn — to  those 
like  the  Eland  of  Africa,  which  is  as  bulky  as  a  large  ox. 
Of  these  all  but  one,  which  inliabits  North  America,  and 
the  Chamois  (Fig.   108J    and   one  other  which   inhabit 
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UouDtalD  Goat,  Aplecenu  mmtamii,  Blcli&rdBOii.  Cliamoia,  AnUtope  n^Uapra, 


GazuUe,  AnUiig/e  dorau,  Una.      Pronghora  Antelope,  AatOtcafra 
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Enrope,  belong  to  Sonthem  Asia  and  to  Africa,  but  mainly 
to  Afiiea. 

Our  go-called  Mountain  Goat  (Fig.  107),  iB  an  antelope. 
It  inhabits  tbe  Kocky  Mountain  r^ions,  has  jet  black 
borne,  and  is  covered  with  long  white  hair. 

The  Goats  {Copra),  and  Sbeep  (Ovis),  differ  from  all 
other  hollow-homed  ungulates  in  having  the  horns  an- 
gular. The  former  have  their  horns  extending  upward 
and  backward  ;  the  Sheep  have  the  home  directed  back- 
ward, and  then  inclined  spirally    forward.     Our    only 


wild  species,  the  Mountain  Sheep  of  the  Eoeky  Monn- 
tains,  is  larger  than  any  of  our  domestic  varieties,  and  is 
remarkable  for  its  very  large  horns. 
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Paesing  now  from  Hrtiodactyl  iiDgnlates  wliich  have 
permanent,  hollow  hoiHB,  we  come  next  to  the  Prong- 
horn  "  Antelope  "  (Fig.  110),  which  differs  from  the  trne 
antelopes  in  the  fact  that  its  horns  have  a  prong  or 
branch,  and  are  not  permanent,  but  deciduous,  notwith- 
standing that  the  horns  Iiave  an  osseous  core  similar  to 
that  found  in  the  BovidEe  described  above.  It  is  there- 
fore referred  to  a  distiiict  family,  the  Antilf^npriHm.  The 
Pronghorn  of  our  Western  plains,  is  a  beautiful  animal, 
somewhat  larger  than  our  domestic  slieep  ;  its  coarse  hair 
is  brown  above,  and  the  under  parts  and  rump  are  white. 

Quite  different  from  all  of  the  artiodactjl  ungulates  al- 
ready named,  are  the  Deer  or  ^gpu^^.     These  have  tbeir 


Tl>8il]l>  Dser,  Cemu  ci: 


■horns  solid  and  deciduous.  Their  so-called  horns  are  at 
first  covered  with  skin  similar  to  that  upon  the  rest  of  the 
head.  At  their  base  is  a  ring  of  bony  tubercles,  which, 
as  they  enlai^e,  compress  and  obliterate  the  blood-vessels 
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of  that  skin,  and  the  latter  becomes  dry  and  peels  oS,  leav- 
ing tlie  liorns  bare.  At  length  tlie  liom  separates  from 
the  cranium  and  falls  ofl".  Others,  however,  and  larger 
ones,  take  their  places,  and  these  in  tnm  are  subject  to  tlie 
same  changes.  Thns  the  bonis  of  these  animals  are  shed 
and  renewed  periodically.  Such  horns  are  called  antlsrs. 
Some  kinds  of  the  deer,  as  the  Elk  of  Europe,  and  the 


Moose  {Ahm)  of  Maine  and  Canada,  and  the  Great  Irish 
Elk  (fossil),  have  broadly  palmate  horns — in  the  male — as 
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in  Fig.  118.  The  Moose  is  tlio  largest  living  member  of 
the  Deer  family,  quite  equaling  the  horse  in  bulk,  and 
standing  very  high. 

Other  kinds  of  deer,  as  the  celebrated  Reindeer  of  Lap- 
land, and  the  Caribou  or  American  Reindeer  (Fig.  114),  of 
North  America,  both  belonging  to  the  genus  Rangifer, 
have  the  horns  palmated  at  the  tip,  and  present  in  both 
sexes.  The  Reindeer  is  about  four  and  a  half  feet  long, 
and  tliree  feet  high. 


irifwu,  Andaboo  uid  Baohnun. 


Still  other  kinds  of  deer,  those  of  the  genus  Cenyu^,  as 
the  Virginia  Deer  (Fig.  112),  and  the  American  Elk  or 
Wapiti  (Fig.  115),  have  the  horns  more  or  less  cylindrical 
or  conical.  The  American  Elk  is  found  in  the  north- 
western portions  of  the  United  States  and  northwai'd,  and 
is  about  as  large  as  a  horse,  and  is  remarkable  for  its  very 
long  and  much  branched  horns. 
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AmerlcaD  Elk  or  Wafiitl,  Cervtu  canadeatUt  Br^leleban. 

And  lastly  we  may  mention  the  deer  which  i'umiebes 
the  well-known  musk  of  commerce — the  Musk  Deer. 
This  animal  is  destitute  of  horns ; 
but  the  males  have  a  long  canine 
tooth  in  each  side  of  the  npper 
jaw.  This  animal  is  about  the 
size  of  the  common  goat,  has 
scarcely  any  tail,  and  is  covered 
with  coarse  and  brittle  hairs.  It 
inhabits  Thibet  and  the  adjacent 
countries. 

Passing   by  some  living,  and 
many    fossil  forms   (as   Oreodon,, 


Hngk  Deer,  Jfntctiu  matAifent, 
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Anoploth^um^  eic.,)  we  come  to  the  Hippopotamus  &m\- 
Ij,  or  HippopotainidtB,  whose  principal  repreBentative  in- 
habits tlie  Nile  and  some  other  river»  of  Africa.  The 
Hippopotamus  has  an  exceedingly  niassiye  body,  as  large 
as  that  of  an  ox,  very  short  legs,  large  head,  enormous 
muzzle,  small  eyes  and  ears,  and  short  tail,  and  very  large 
canine  teeth. 

And  lastly,  we  may  merely  mention  the  bristle-bearing 
even-tood  ungulates,  as  Hogs  or  Suidffi,  Peccaries  or  Di-_ 
cotylidte,  and  their  various  allies — all  of  which  are  hog- 


Onill  or  the  Vlld  Bo«T,  An  vropta,  LlDDsai. 

like  in  their  general  appearance,  and  which  have  their 
nostrils  in  the  end  of  the  snout,  and  the  latter  termi- 
nating in  a  sort  of  disk  or  button  well  suited  for  rooting 
or  turning  up  the  ground. 

Of  the  Perissodactyls,  fii-st  on  the  list  come  the  EquidtBt 
or  Horse,  Ass,  Zebra,  and  their  immediate  relations; 
animals  which  have  only  one  apparent  toe  and  a  single 
hoof  to  each  foot ;  although,  under  the  skin,  on  each  side 
of  their  metatarsus  and  metacarpus,  there  are  spurs  repre- 
senting two  lateral  toes. 

All  the  varieties  of  our  present  horses  are  from  a  stock 
indigenous  to  the  Old  World ;  but  bones  of  horses  have 
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been  found  foseil  in  various  parts  of  our  country,  and 
they  show  that  North  America  liad  its  own  species  of  wild 
horses,  and  tliose  of  vanous  sizes. 

Comparing  merely  the  external  forms  of  tlie  Horse  and 
the  Rhinoceros  with  each  other,  we  would  naturally  regard 
tbcm  as  very  widely  separated ;  but  in  reality  no  living 
form  is  regarded  as  nearer  tlie  horse  than  the  Khinoceroses, 
or  RMnocerotid^,  bulky  animals  which  have  etout  legs, 
three-toed  feet  with  hoots  of  unequal  size,  and  a  very  large 
muzzle,  and  whose  bodyis  covered  with  an  exceedingly 
thick,  tough,  and  naked  skin,  which  lies  in  folds.    Tbey 
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have  also  incisors  in  both  jaws,  and  from  the  top  of  the 
muzzle,  where  the  bones  are  very  thick  and  strong,  there 
arises  a  solid  horn,  sometimes  two  or  three  feet  long,  com- 
posed of  agglutinated  fibers  essentially  the  same  as  hair. 
In  some  species  tliero  are  two  horns,  the  hinder  one  being 
situated  on  the  frontal  bona  The  members  of  this  family 
are  the  largest  of  all  the  land  animals  except  the  elephant, 
attaining  a  weight  in  some  cases  of  6,000  pounds.     They 
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inhabit  Africa,  Asia,  and  the  Asiatic  Archipelago.  Their 
home  is  along  marshy  borders  of  lakes  and  rivers  and  in 
the  jungles, 

Some  kinds  of  the  P^issodfttttyl^  as  the  Tapirs,  or  ^a- 

(^iridg,  remind  ns  a  HitJe  £f' the  elephants,  on  account  oT 

j^  jjg  the  fact  that  they  have  the  nose  de- 

yi  veloped  into  a  proboscis;   bnt  the 

^^^flBB  proboscis  is  inucli  shorter  tlian  that 

'^^^1^^^.  of  the  elephant.     As  regards  their 

^^^M^H^k  feet,  the  Tapirs  have  foiy  toes  on 

JI^BJ^^y^      each  fotz^oot,  and  three  on  eacli 

^  ■     hind  one,  thus  lieine  in  part  artio- 

HB«dorT»plr,  j.i  J.  ^  .        j.i 

dactyl  and  in  part  penseodactyl. 
One  species  is  found  in  Soutli  America,  and  one  in  India. 
They  are  about  as  large  as  the  ass,  but  with  shorter  legs. 

SoB-gECTION    VI.  /  . 

The  Oeder  op  Htbacoidea,  or  DiMAm 
Very-^mall  animals,  which  Cuvier  called  rliinocejoses^ 
in  miniature  without  a  horn,  make  np  the  ordef  Ilyra- 
coidea.  They  are  covered  with  fur,  are  scarcely  hirger 
tlian  rabbits,  and  are  popularly  known  as  Damans.  They 
inhabit  the  rocky  regions  of  Africa  and  Syria ;  and  are 
often  called  Eock-Eabbits. 


•The  Damans  have  the  lower  surface  of  their  feet  fni-- 
uished  with  pads ;  and  four  toes  on  each  fore  foot.'i^and 
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three  on  each  hind  one;  and  the  terminal  phalanges 
covered  with  hoofs.  Tbey-bnvp  fnnr  inmuoia  in  the  Upper 
jaw,  nj\(\  four  m  the  lowef.  Those  oi  the  upper  jaw  being 
igog  and  carved ;  those^f  the  lewei-strai^t. 


Sup-SBcnoN  VII. 

The  Ordbe  of  Proboscidba  or  Probqscidbaks. 

This  order  includes  the  living  and  fossil  Elephants,  to- 
gether with  the  extinct  Mastodons  and  the  Dinotheriums. 
The  most  striking  characteristics  of  these  animals  are  their 
enormous  size,  and  their  nose  which  is  developed  into  an 
exceedingly  long  proboscis,  and  their  incisor  teeth  which 
are  developed  into  long  tusks. 

The  legs  of  the  Proboscideans  are  almost  wholly  outside 
of  the  abdominal  integuments ;  and  in  standing,  their  knee- 
joint  is  straightened  so  that  their  femur  and  leg  bones 
are  in  one  and  the  same  line.  Their  toes  are  five  in  num- 
ber, and  are  encased  in  hoofs,  so  that  by  their  feet  they 
are  closely  allied  to  the  true  Ungulates. 

As  already  indicated,  one  of  the  most  remarkable 
features  of  the  Elephant  is  the  proboscis  or  trunk,  a  long, 
cylindrical  organ  composed  of  several  thousand  muscles 
and  endowed  with  the  most  delicate  sensibility,  and  ter- 
minated by  an  appendage  which  serves  as  a  sort  of  finger. 
This  trunk,  agile  and  powerful,  is  at  the  same  time  the 
organ  of  smell,  of  touch,  of  prehension,  and  of  defence. 
With  it  its  possessor  seizes  everything  he  wishes  to  con- 
vey to  his  mouth,  drink  as  well  as  food ;  thus  obviating 
the  necessity  of  a  long  neck,  which  would  be  inconsistent 
with    the    enormous  head  and  heavy  tusks,  the  latter 
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weighing  sixty  to  one  hundred  ponndfl  each.  The  tusks 
are  simply  the  incisor  teeth  of  the  npper  jaw  enormously 
developed  and  modified.  Elephants  of  the  present  day 
are  confined  to  the  warm  regions  of  the  Eastern  hemi- 
sphere. They  are  seven  to  ten  feet  high,  and  ten  to 
fifteen  feet  in  length,  and  covered  with  thick,  nearly 
naked  skin.  One  distinctive  characteristic  of  these 
animals  is  t'onnd  in  the  grinders,  the  crown  of  which  is 
deeply  divided  into  transverse  vertical  plates,  each  con- 
sisting of  dentine  coated  by  enamel,  and  this  by  a  bone- 
like substance  wliicli  fills  the  spaces  between  tlie  plates 
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and  cements  them  together.  The  grinders  succeed  each 
other  from  behind  forward ;  and  there  is  never  more  than 
one,  or  two  partially,  on  each  side  of  both  jaws  at  the 
same  time ;  for  the  series  is  in  constant  process  of  shed- 
ding and  replacement.  The  total  number  of  grinders 
which  follow  one  another  on  each  side  of  both  jaws  is 
seven,  or  at  least  six. 

In  both  hemispheres  the  superficial  deposits  abound 
with  bones  of  elephants  which  are  now  extinct.  An  ele- 
phant, covered  with  long,  thick  hair,  and  wholly  unlike 
anything  now  living,  was  found  encased  in  ice  on  the 
coast  of  Siberia.  It  was  in  such  a  state  of  preservation 
that  dogs  fed  upon  the  flesh,  although  it  is  probable  that 
it  had  been  there  thousands  of  years. 

^he  Mastod(mrm  an  extinct  proboscidean  whose  remains 
abofeifti  in  the  superficial  accumtilations  of  America,  as 
well  as  in  those  of  the  Old  World.  In  general  appearance 
the  Mastodon  was  nmch  like  the  elephant,  but  differed 
from  the  latter  in  the  grinders,  the  crowns  of  which  are 
studded  with  large  conical  points.  The  Mastodon  was 
vastly  larger  than  the  Elephants  #S§3iay/ 

Sub-section  VIII. 

The  Order  of  Sirenia  or  Sirenians. 

The- mammalia  of  this  order  are  more  or  less  fish-like,  or 
more  nearly  whale-like,  in  general  appearance,  and  are 
popularly  known  as  Sea-Cows,  Dugongs,  and  Stellers. 

They  are  specially  fitted  for  progression  in  the  water. 
Their  forward  limbs  are  paddle-like,  and  they  have  neither 
hind  limbs  nor  pelvis,  and  their  tail  is  fiattened  horizon- 
tally.   In  these  respects  they  are  like  the  whales ;  and 
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hence  the  Sirenia  and  Getscea  are  Bometimea  groaped  to- 
gether, and  the  group  thus  formed  iB  called  tlie  Mutilate. 
^^^iretiia,  however,  difier  from  the  Whales  in  man^ 
respects,  both  iu  etructure  and  in  habits.  The  brain 
of  the  Sirenians  is  narrow ;  their  neck  is  of  moderate 
length,  and  its  second  vertebra  has  a  tootli-like  process ; 
their  only  limbs,  the  forward  ones,  are  moderately  long, 
and  flexed  at  the  elbow ;  the  mammaa  are  upon  the  breast ; 
they  have  molar  teeth  with  flat  crowns  adapted  for  grind- 
ing vegetetion,  and  have  corresponding  herbivoroiiB 
habits.  They  inhabit  the  warmer  parts  of  the  oceau, 
near  the  shores,  and  oiiten  ascend  large  rivei-s.  They  even 
leave  the  water  and  crawl  upon  the  shore  to  feed  upon  the 

Flo.  131. 


Sea-Oow,  Matiatui. 


land  vegetation ;  and  this  fact  caused  them  to  be  called 
"  Herbivorous  Whales."    They  attein  the  length  of  ten  to 
twenty  liny.     ^ 
/Some  kinds  of  the  Sirenians,  as  the  Sea-Gows  (Manatua), 
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have  the  taU  roiinded  ;  otliere,  as  the  Dngongs  (Halieore), 
and  the  Stellere  (Jihytma),  have  the  tail  forked.  Those 
of  the  last  genus  are  without  teethe 

sub-bection  ix. 

The  Okdee  of  Cetacba  ob  Whalbb. 

The  name  of  thiB  order  comes  from  the  Greek  ketos,  a 
whale.  The  Oetacea  are  mammalia  which  are  somewhat 
fish-like  in  general  appearance,  and  which  are  specially 
adapted  for  a  constant  residence  in  the  water.  They  have 
their  forward  ptur  of  limbs  paddle-like;  and  they  are 
wanting  in  hind  limhs  and  pelvis — two  small  hones  sus- 
pended in  the  flesh  being  the  only  vestiges  of  hind  ex- 


tremities.    The  Cetaceans  progress  mainly  by  means  of 
their  broad  and  horizontally  flattened  toil.     They  are 
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covered  with  a  smooth  skin,  beneath  which  is  a  layer  of 
fat  called  blubber.  Their  brain  is  broad,  neck  very  short, 
and  the  second  cervical  vertebra  is  without  a  tooth-like 
process. 

The  breathing  orifice  of  the  Cetaceans,  which  corre- 
sponds to  the  nostrils  of  ordinary  mammals,  is  situated  in 
the  top  of  the  head,  and  is  popularly  called  the  "  blow- 
hole " ;  through  this  the  water  which  has  been  taken  into 
the  mouth  is  sometimes  "  spouted  "  to  a  great  height. 
^[^^^^i««k  group  of  extinct  cetaceans  which  are  called 
Ze^gX-odonts.  Their  remains  abound  in  the  Tertiary  of 
Alabama,  and  show  that  these  animals  attained  the  length 
of  eighty  feet  or  more.  The  name  is  derived  from  the 
Greek  zeuglon^  a  yoke,  and  odoua^  a  tooth.  Tliey  have 
teeth  which  are  called  j^lgfi^^^ 

The  Denticetes  or  Toothed  Whales — as  the  Dolphins, 
Sperm  Whales,  etc. — have  true  teeth,  and  no  whale-bone 
or  baleen.  The  Dolphins  or  Delphinidse,  of  which  there 
are  many  genera,  such  as  Dolphins  proper  (Fig.  123), 
Porpoises,  White  Whale  (Beluga),  Narwhal  {Monodon), 
etc.,  are  from  eight  to  twenty  feet  in  length.  The  Sperm 
Whales,  or  Phvseteridse  attain  the  length  of  sixty  or 
seventy  feet,  and  the  head  (Fig.  125),  constitutes  about 
one  third  of  the  whole  animal.  The  well-known  sperm 
oil  and  spermaceti  are  obtained  from  the  last-named 
cetaceans.  The  Sperm  Whales  belong  to  the  warm  re- 
gions. 

The  Mystioetes  or  Whale-bone  Whales  have  the  upper 
jaw  provided  with  baleen  or  whale-bone  (Fig.  126),  and 
they  have  true  teeth  only  before  they  are  born  !  To  this 
group  belong  the  Finback  Whales,  or  Balsenogteridse^which 
in  most  cases  have  a  dorsal  fin  more  or  less  developed,  and 
which  have  short  baleen.     Some  of  the  Finbacks  attain 
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enormous  dimeDBions,  even  one  hundred  feet  in  lengtli 
{Fig.  127).  To  the  Myeticetea  belong  also  the  Uiglit 
Whales  or  Balaenidfe,  which  have  the  Bkull  much  arched 


and  provided  witli  long  baleen  or  whale-bone  plates  finely 
fringed  on  their  inner  edges  (Figs.  124,  126).  This  ai^ 
rangement  is  adapted  for  securing  the  food  of  these  whales, 
which  consists  of  small  marine  zoophytes,  mollneks,  and 
crustaceans.  Swimming  through  schools  of  these  little  ani- 
m.alB  the  whale  engulphs  myriads  of  them  at  once  in  its  enor- 
mous mouth ;  and  the  water  taken  in  witli  them  is  strained 
off  through  the  baleen.  Eight  Whales  (Fig.  126)  attain 
the  length  of  seventy  feet,  and  sometimes  have  blubber 
two  or  three  feet  in  thickness ;  and  the  slabs  of  whale- 
bone are  eight  to  ten  feet  long;  and  a  single  individual 
yields  from  six  hundred  to  nine  hundred  slabs  on  each 
side  of  the  mouth  1  The  Right  Whales  belong  to  the  cold 
regions. 

Sub-section  X.  .      ^\- 
Thb  Obder  of  Chiropteba  OB  Bats. 
The  mammals  of  this  order  have  been  named  Chirop- 
tera  because  their  anterior  locomotive  members  are  spe- 
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cially  adapted  for  flight.  The  name  ia  derived  from  two 
Greek  words,  cheir,  a  hand,  and  pteron,  a  wing.  The 
bones  of  their  forward  locomotive  appendages  are  much 
elongated,  and  sustain  a  fold  of  ekin  or  membrane  arieing 
from  the  sides  of  the  neck  and  body,  and  extending  back- 
ward on  the  hind  extremities,  the  whole  forming  wings  of 
great  extent  of  surface,  thus  enabling  these  animals  to  fly 
long  and  rapidly,  and  to  execute  movements  as  varied  and 
complicated  as  those  of  birds. 


SkdetoD  of  a  Bat. 

neros;  cu,  cabltqa  or  olUi  r,  ndliu 


Bats  are  noctmiial  in  their  Habits,  and  during  the  day 
remain  in  caves,  hollow  tre^,  or  other  dark  places,  sua- 
pended  by  their  hooks,  or  by  the  nails  of  their  hind  feet. 
In  cold  and  temperate  regions  they  pass  the  winter  in  a 
state  of  lethai^y.  Although  their  eyes  are  very  small, 
their  large  ears  and  broad  wings  possess  snch  a  delicate 
sensibility  that  bats  are  enabled  to  fly  unharmed  through 
the  most  winding  and  complicated  passages,  and  that,  too, 
even  after  their  eyes  have  been  destroyed. 
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Tbeii  U!«tli  tmytn"nTimber~fruiii60  tuS8j  Llitjiamluw— 
are  aVajfaprftaattf^-gnd  tn  most  Bpecies  the  molars  have 
numerous  sh^p  points.  The  Chiroptera,  together  witli 
the  three  succeeding  orders — InsectiYora,  Kodeutia,  and 
Edentata — have  the  brain  smooth,  that  is  without  convolu- 
tioiiB. 

no.  139. 


All  of  our  common  bats  (Fig.  129),  as  well  as  the  Vam- 
pires of  tropical  America,  feed  upon  other  animals ;  and 
all  excepting  the  Vampires,  which  are  believed  to  suck 
tlie  blood  of  the  larger  mammalia,  feed  upon  small  ani- 
mals, mainly  insects,  which  they  capture  while  flying. 
Hence  all  these  hats  have  been  called  Animalivora  or  ani- 
mal devonrers,  a  gronp  equivalent  to  the  sub-order  of 
Inseotivoeous  Bats. 

On  the  contrary,  the  Kahmg_^at  of  Java — having  a 
head  like  tliat  of  a  fox,  and  "an  expanse  of  wings  of  more 
than  four  feet ! — and  other  similar  bats  of  India  and 
Africa,  feed  wholly  or  partly  upon  vegetable  food,  and 
hence  are  called  the  Fbdgivokods  Bats. 

sub-8bcti0n  xi. 

The  Ohdes  op  Insectivora  or  Insect-eaters. 

The  mammalia  of  this  gronp  feed  wholly  upon  worms 
and  insects,  and  hence  are  called  the  Insectivora.     Thus 
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Loa  Mo}b^  Scaii/ps  aguaticut.  Cuv. 


"  Wtuel->pe,"  OaiecpaliHxi. 


H^dyebogf  Erinaceua  turopinu,  LIddsi: 


122  yebtebrata:  mammalia. 

they  live  upon  other  animals,  and  in  this  respect  they  are 
like  the  Carnivora  already  described.  But  while  they  are 
analogous  to  that  group,  they  differ  from  true  carnivo- 
rous mammals  in  many  important  respects.  They  are  not 
true  flesh-eaters,  but  feed,  as  above  stated,  upon  the  smaller 
and  weaker  forms  of  animal  life. 

The  Insectivora  are  the  animals  known  as  the  Galeopi- 
thicus,  Shrews,  Moles,  Hedgehogs,  etc.,  most  of  which  are 
exceedingly  small,  and  the  largest  of  which  are  not  so 
large  as  the  domestic  cat ;  the  Hedgehogs  (Fig.  135),  being 
the  largest  animals  of  the  whole  order. 

The  teeth  of  the  Insectivora  are  of  three  kinds,  incisors, 
canines,  and  molars;  and  the  latter  are  studded  with  acute 
points. 

Fig.  186.  Fig.  137. 


Star-nosed  Mole, — end  of  Mnzzle.  Sknll  and  Teeth  of  an  Insectivorous  Animal— 

Star-nosed  Mole,  Condylura  cristtUa^  niiger. 

The  Insectivorous  bat-like  mammal  known  as  the  Ga- 
leopithicus  (Fig.  130),  of  the  Indian  Archipelago,  repre- 
sents a  group  called  the  Debmoptera,  a  name  from  the 
Greek  d^rma,  skin,  and  pteron^  a  wing.  This  curious 
animal  is  about  the  size  of  a  cat,  and  lives  upon  trees. 

The  Moles  or  Talpidse  (Figs.  131,  136,  137),  have  the 
body  stout,  and  the  feet  greatly  expanded  and  fitted  for 
digging  in  the  ground.  Their  eyes  are  extremely  minute 
and  fur  very  thick  and  soft. 

The  Golden-green  Moles  or  Chrysochlorididsej  of  Africa, 
furnish  us  with  the  only  example  of  a  mammal  with  splen- 
did metallic  tints  like  those  which  adorn  so  many  kinds  of 
birds,  fishes,  and  insects. 

The  Hedgehogs  or  Erinaceidro  (Fig.  135),  have  a  short 
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body  covered  with  spines  or  stiff  bristles,  and  the  tail  short 
or  wanting.  The  skin  of  the  back  is  so  furnished  with 
muscles  that  the  animal  can  assume  nearly  the  shape  of  a 
ball,  presenting  bristles  on  all  sides.  The  European  Hedge- 
hog is  smaller  than  a  common  cat. 

The  Tenrecs  or  Centetidse  (Fig.  134),  are  somewhat 
similar  to  the  Hedgehogs,  but  they  have  a  slender  body, 
and  they  cannot  so  completely  assume  the  form  of  a  ball. 
They  inhabit  Madagascar,  and  although  in  a  tropical  cli- 
mate are  said  to  pass  three  months  of  the  year  in  a  state 
of  lethargy. 

In  the  cool  and  cold  regions  there  are  many  animals 
that  pass  into  a  torpid  condition  during  the  coldest  part  of 
the  year, — the  season  least  favorable  for  securing  food. 
And  while  in  this  state  their  physiological  conditions  seem 
to  approximate  those  of  cold-blooded  animals.  The  Hedge- 
hog and  Bat  fall  into  so  deep  a  torpor  that  no  sign  of 
breathing  can  be  detected ;  and  in  the  Bat's  heart  the  pul- 
sations fall  from  200  in  a  minute  to  30  ip  a  minute,  dur- 
ing torpidity. 

Sub-section  XII. 

The  Order  of  Kodentia  or  Gnawers. 

This  Order  includes  all  mammalia  which  are  specially 
fitted  for  gnawing,  as  Rats,  Mice,  Dormice,  Gophers,  Bea- 
vers, Squirrels,  Porcupines,  Agoutis,  Chinchillas,  Guinea 
Pigs,  Hares,  etc.  The  name  comes  from  the  Latin  rodere^ 
to  gnaw.  LinnsBus  called  it  the  order  of  Glires,  from  the 
Latin  glis^  a  dormouse.  The  Eodents  are  mostly  small 
animals,  the  Beavers  being  the  largest  of  all,  with  the  sin- 
gle exception  of  the  Capybara  {Hydrochosrus)^  an  aquat- 
ic rodent  about  three  feet  long  and  with  a  bulky  body, 
which  is  found  along  the  rivers  in  South  America. 
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The  Rodents  are  readily  distinguished  by  their  teeth. 

Ift  each  jaw  they  have  two  ehi«el-shaped 
incisors,  between  which  and  the  m^krs 
there  is  a  wide  lE^ce  without  teeth,-^ca- 
nines  being  wanting.  The  incisors  .are 
covered  with  enamel  only  in  front,  so 
that  their  posterior  edges  wear  away 
sknii  and  teeth  of  a  faster  than  the  anterior  edges,  thus  al- 
^^^^*'  ways  keeping  these  teeth  sharp,  however 

much  they  are  used  ;  and  they  grow  at  the  base  as  fast  as 
they  wear  away  at  the  summit.  The  lower  jaw  is  articulated 
with  the  skull  in  such  a  manner  that  the  jaws  have  no  hori- 
zontal motion,  except  backwards  and  forwards  as  is  requi- 
feite  in  the  act  of  gnawing.  The  enameled  ridges  of  the 
molars  are  transverse,  thus  in  opposition  to  the  horizontal 
forward  and  backward  motion  of  the  jaw,  and  exactly 
adapted  to  the  process  of  trituration.  The  form  of  the 
Rodentia  is  generally  such  that  the  hind  parts  consider- 
ably exceed  the  forward  parts ;  most  kinds  are  thus  adapt- 
ed to  leaping  instead  of  walking.  The  brain  of  the 
Rodents  is  smooth  (Fig.  66),  that  is,  without  convolutions. 
Some  kinds  of  the  Rodentia,  as  the  Jerboas  or  Dipodidae 
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Jmnpiug  Moose,  Jcicultu  hudtoniuSt      White-footed  Mouse,  Hesperomys  leucoptis, 
Baird.  Wagner. 

of  Asia  and  Africa,  and  the  Jumping  Mice  or  Jaculidaei 
(Fig.  189),  of  this  country,  have   the  tail  and  hind  legs 
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very  long.  The  Jumping  Mouse  (Fig.  139),  is  about 
three  inches  long,  and  the  tail  six  inches.  It  progresses  by 
long  and  rapid  leaps.    In  winter  it  hibernates. 

The  Rats  and  Mice  or  Muridae  constitute  the  most  nu- 
merous family ;  the  species  m  all  countries,  numbering  at 
least  three  hundred  1 

Some  kinds  of  the  Rodents,  as  the  Kangaroo  Rats  or 
Saccorrmdae  have  large  external  cheek  pouches,  and  a 
slender  body ;  others  as  the  Pouched  Gophers  or  Georay i- 
486  have  large  external  cheek  pouches  and  a  thick  body. 
The  species  here  represented                     ^^^  iil 
is  of  the  latter  family.    It  is 
found  in  the  Western  States 
and  is  eight  inches  long,  be- 
sides the  tail.  __^ 

As  already  indicated  the    WSSKI§S^^it^k0^^^^ 

Beavers  or  CastoridSB   are  the        pouched  Oopher.  OeomytburtaHut, 

largest  of  all  the  living  Ro-  BicHardBon. 

dents  excepting  only  the  Capybara;  and  in  their  habits 
they  are  among  the  most  interesting  of  all  the  Mammalia. 
They  have  a  broad  flat  tail,  five  toes  to  each  foot,  the  hind 
feet  webbed,  and  the  second  hind  toe  has  a  double  claw. 
Their  incisor  teeth  are  very  sharp  and  strong,  enabling 
them  easily  to  gnaw  down  hard-wood  trees  one  or  two  feet  *^ 
in  diameter.  They  feed  mainly  upon  the  bark  of  the  trees 
which  they  cut  down,  and  upon  roots  and  aquatic  plants. 
Beavers  prefer  running  water,  in  order  that  the  wood 
which  they  cut  may  be  carried  to  the  spot  where  it  is  to 
be  us6d.  They  keep  the  water  at  a  gWen  height  by  dams, 
which  they  build  of  trunks  and  branches  mixed  with  stones 
and  mud ;  and  they  build  houses  for  winter  with  the  same 
materials.  Each  house  consists  of  two  stories.  The  upper 
story  is  above  water  and  dry,  for  the  shelter  of  the  animals 
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thetofielveB  ;  the  lower  is  beneath  the  water,  and  contains 
their  Btores  of  bark  and  roots.  The  only  opening  to  the 
hut  IB  beneath  the  water.  They  have  burrows  in  the 
banks,  whither  they  retire  when  tlieir  houses  are  attacked. 
The  general  color  of  the  beaver  is  a  uniform  reddish- 
brown,  and  the  for  is  of  excellent  quality.  Our  only 
living  Bpecies  (Fig.  143),  is  about  two  feet  in  length;  a 
fossil  species  is  more  than  twice  as  large. 

The  true  Squirrels  (Sawrwa),  the  Flying  Squirrels  {Pter- 
omys),  the  Striped  Squirrels  {Tamias),  the  Gophers  and 
Spermophiles  (Spermophilus),  and  the  Prairie  Dogs  (Oyn- 
omys),  are  rodents  which  are  included  in  the  Squirrel 
tamily  or  Sciug^.  In  this  fanjily  are  also  included  the 
Marmots  and  W  oodchucks  {Arctomys). 

The  typical  Squirrels  {Sciurus),  are  the  most  graceful 
and  beautiful  of  all  the  Rodents,  They  have  compressed 
incisors,  rather  long  ears,  divided  lip,  and  they  are  des- 
titute of  cheek  pouches.  The  true  Squirrels  and  Flying 
Squirrels  live  upon  trees ;  the  others  in  the  ground. 

The  Porcupines  or  Hystricidee  are  conspicuous  among 


BODBNTIA  OE  GNAWBES. 
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lut   Iridium-iitvatut,  AadaU^ 
aod  BsohnuiD. 
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all  the  RodentB  on  accoTiDt  of  their  Bpinee,  which  serve 
them  for  a  defeneive  armor.  These  ^ines  lie  flat  upon 
the  body  when  the  animal  is  at  rest,  bat  are  raised  when 
the  animal  is  excited.    Our  species  have  spines  onlj  a  few 


CrBBtad  Pormplne,  Hyihia  crMtla.  LinnfBM. 

inches  in  lengtli,  but  a  Bpeciea  (Fig.  148)  of  Southern 
Europe  has  very  long  spines,  some  of  which  attain  a  foot 
in  length.  Porcupines  have  a  total  length  of  about  two 
and  a  half  feet. 

All  of  the  fairiilies  of  Rodents  thus  far  noticed — to- 
gether with  tlie  Agoutis  or  Dasyproctidse,  the  Capybaras 
or  Hydrochoeridae,  and  the  Chinchillas  or  Chinchillidee, 
all  of  South  America — have  only  two  incisors  in  the  upper 
jaw  and  two  in  the  lower. 

But  the  little  hare-like  animals  called  Pikas  or  Lagomy- 
idae  of  the  northern  regions,  and  the  KabbJts  and  Hares  or 
Leporiduo  of  all  parts  of  the  world,  differ  from  all  other 
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rodents  by  having  each  upper  incisor  with  a  smaller  in- 
cisor behind  it;  that  is,  the  formula  for  their  incisors 
stands  thus:  |^.  And  all  the  incisors  are  less  deeply 
implanted  in  the  jaws  than  in  other  rodents,  and  are 
white ;  and  the  molars  are  rootless.  Kabbits  and  Hares 
have  the  feet  clothed  with  hair  beneath,  and  the  inner 
surface  of  the  cheeks  lined  with  hairs.  The  tail  is  short 
and  bushy ;  or  it  is  only  rudimentary.  They  feed  upon 
bark,  tender  twigs,  and  leaves.  Some  live  in  burrows, 
but  most  have  merely  2kform^  or  nest  on  the  groimd. 


< 


Sub-section  XIII. 

The  Order  of  Edentata  or  Edentates. 

This  Order  is  sometimes  called  Bruta.  Its  members 
are  deficient  in  teeth,  as  compared  with  other  mammalia, 
all  of  them  being  destitute  of  incisors,  and  some  kinds 
being  wholly  destitute  of  teeth ;  and  the  teeth  when  present 
are  without  enamel,  and, are  never  displaced  by  a  second 
series.  Ant-eaters,  Sloths,  and  Armadillos  are  among  the 
representatives  of  the  Edentates.  They  all  have  long  and 
strong  claws. 

This  order  has  but  comparatively  few  living  representa- 
tives. 

Some  kinds,  as  the  Ant-eaters  or  Myrmecophagidse  of 
the  warm  parts  of  SoutETAirierica,  have  a  long  muzzle,  a 
toothless  mouth,  and  filiform  tongue  capable  of  great  ex- 
tension ;  and  they  use  this  tongue,  which  is  covered  with 
a  viscid  saliva,  in  securing  ants  for  food.  The  Giant  Ant- 
eater  of  South  America  is  four  feet  long,  and  it  is  said  that 
its  tongue  can  be  elongated  more  than  two  feet  I 
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The  PangolinB  or  Scaly  Anteatera  or  Hanidfe  of  the 
Eastem  hemisphere,  are  edentates  which  are  covered  with 
plates  or  scales  arranged  like  tiles  on  a  roof. 

The  edentates  known  aa  Sloths  or  Bradrpodidse  of  South 
America  are  formed  for  living  npon  trees.  They  are  of 
the  Bize  of  the  domestic  cat  or  lai^r,  and  their  forward 
limbs  axe  very  long,  their  mamnue  pectoral,  tail  wanting 
or  very  short,  and  their  hair  long  and  coarse.  With  their 
long  arms  and  long  claws,  they  cling  finnly  around  the 
branches  of  trees,  and  they  almost  always  keep  on  the 
onder  side  of  the  branch.  In  this  position  they  move 
and  repose  in  perfect  secority.  On  the  grotmd  they  move 
awkwardly  and  with  difficulty. 

Sloth-like  edentates,  as  the  U^atherinm,  Mylodon,  etc., 
have  beea  found  fossil,  and  of  the  most  enonaous  dimen- 
sions, in  the  snperficial  deposits  of  South  America.  The 
skeleton  of  the  Megatherium  is  eighteen  feet  long,  and 
the  thigh  bone  is  abont  three  times  as  thick  as  that  of  an 
Elephant!  This  animal  was  a  huge  ground  Sloth.  These 
and  the  living  Sloths  belong  to  the  snb-order  of  Ta&di- 

OBADA. 

None  of  the  Edentates  are  more  remarkable  than  the 
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Armadillos  or  Dasypodidae  which  are  at  once  distinguisli- 
ed  from  all  other  mammals  by  their  bony  armor,  or  os- 
sified exo^eleton,  as  it  is  called.     This  armor  is  not  a 
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consolidated  framework,  but  irt  composed  of  several  parts, 
so  arranged  as  to  allow  freedom  in  the  bending  of  the 
-body.  One  large  shield  covers  the  head,  another  the 
shoulders,  and  another  the  rnmp,  and  between  the  two 
last  there  are  several  parallel  movable  bands  of  the  same 
material.  The  tail  in  some  caues  is  covered  with  succes- 
sive rings,  and  in  others,  like  the  legs,  with  mere  horny 
tubercles.  All  this  armor  is  attached  to  the  skin  of  the 
body ;  and  it  is  made  up  of  numerous  many-sided  plates 
placed  together  as  inlaid  work. 

The  Aymadilloj  have  a  pointed  muzzle,  slightly  exten- 
sible tongue,  and  powerful  claws.  They  inhabit  the  warm 
and  hot  parts  of  America,  dig  burrows,  and  live  upon 
vegetables,  insects,  and  worms.  They  vary  from  about  a 
foot  and  a  half  in  length,  besides  the  tail,  as  in  the  Nine- 
banded  Armadillo  of  Texas  and  southward,  to  the  Giant 
Armadillo  of  South  America,  which  attains  a  length  of 
three  feet,  besides  tail. 

The  Glyptodon,  a  fossil  Armadillo  of  South  America,  is 
compared  to  a  huge  cask  in  size,  and  has  a  total  length  of 
nine  feet  I 

An  armadillo-like  animal  {Chlamydophorus  truncafus) 
found  in  Chili,  differs  from  the  true  Armadillos  in  having 
only  a  series  of  transverse  plates  along  the  back,  and  these 
attached  to  the  body  only  along  the  spine.  This  curious 
little  edentate  is  only  about  six  inches  long.  This  animal 
and  the  Armadillos  belong  to  the  sub-order  Lorioata.  .  ^ 

Sub-section   XIV.      "^^-^ 

The  Order  of  Marsupialia  or  Marsupials. 

The  Marsupials  differ  so  widely  from  the  true  mamma- 
lia that  they  not  merely  constitute  a  distinct  order,  but 
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they  also,  as  we  have  seen  on  page  67,  constitute  a  distinct 
sub-class  of  the  Mammalia.  They  are  separated  from  the 
true  Mammalia  by  their  peculiar  structure,  which  is  coa- 
nected  with  the  production  and  nourishing  of  their  young. 

Their  young  are  brought  forth  in  an  exceedingly  im- 
mature  state  of  development;  and  in  most  cases,  are 
received  into  a  pouch  or  sack  which  is  situated  on  the 
abdomen  of  the  mother,  where  they  are  nourished  by 
milk  till  they  have  acquired  a  degree  of  development  cor- 
responding to  that  in  which  other  mammals  are  bom. 
Even  after  they  are  able  to  walk  the  young  resort  to  the 
pouch  of  the  mother  for  safety  in  time  of  danger.  The 
name  of  this  group  comes  from  the  Latin  marsupiumj  a 
pouch. 

With  the  exception  of  one  family,  the  Opossums,  found 
in  America,  the  Marsupials  are  confined  to  Australia  and 
tlie  adjacent  islands.  And  it  may  be  added  here  that  it  is 
a  remarkable  fact  that  nearly  all  the  mammalia  of  Austrar 
lia  belong  to  this  curious  group  of  animals. 

The  Hy^i^mbats  or  Phascolomyidae  are  marsupials  with  a 
heavy  body,  as  large  as  that  of  a  mediumnsized  dog  op 

I^o.  ISO. 

Fio.  16L 


Wombftt,  nascoiom^s  ursinus,  Corier.  Skull  of  Wcaaatmt. 

larger,  but  with  very  short  legs.  In  their  teeth  they  are 
closely  allied  to  the  Rodents^  as  they  have  only  two  in- 
cisors in  each  jaw,  and  each  of  their  molars  has  transverse 
ridges. 

The  Kaiigaro(:)s  or  Macropodid»  are  marsupials  which 
have  a  remarkable  development  of  their  hinder  part& 
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The  hiud  legs  and  the  tail  are  long  and  powerful ;  the 
fore  1^  very  short  and  weak,  and  little  need  in  progrca- 
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sion,  which  is  accomplished  mainly  hj  leaping,  for  which 
their  whole  structare  is  most  admirably  fitted.  They  sit 
mainly  upright  upon  their  haunches,  supported  in  part  by 
the  tail.  Forty  species  are  known,  yarying  from  the  size 
of  a  hare  to  the  size  of  the  domestic  sheep. 

All  the  marsupials  of  America  be-  yut.  ut. 

long  to  the  Opossum  family  or  Dldel-  ' ,,  ' 
phididse.     Opoesums  are  mostly  small  '. : 
animals,  the  largest  scarcely  exceeding  ■'   « 
the  common  cat,  and  the  smallest  but 
little  larger  than  a  mouse.     Their  food 
consists  of  birds,  birds'  eggs,  insects,  \ 
and  other  small  animals.    The  tail  is    ' 
long,    prehensile,   and    neariy    naked.  : 
The  Common  Opossum  of  the  United  , 
States  is  abont  twenty  inches  long  to 
the  tail,  which  is  about  fifteen  inches. 
The  hair  is  whitish  with  brown  tips. 
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lni|mrtJng  a  dti«ky  Ahade,  It  often  lies  motionless  for 
iMMifM  It)  tho  warrn  simBhine.  When  captured,  slightly 
wouiuhul,  It  haH  the  habit  of  feigning  itself  dead.  The 
yout)^,  which  at  birth  weigh  only  three  or  four  grains,  are 
pUuHul  III  the  poiujh,  where  they  remain  growing  very 
nipldly  till  four  or  iivo  weeks  old,  when  they  begin  to 
vtMitiiiti  forth,  but  for  a  long  time  keep  close  to  the 
niothur,  utluu  clinging  to  her  by  their  tails. 


SUB-SKOTION   XV, 

Tnn  Ohukh  or  MoNOTRSMATiL  or  Duckbills. 

A»  »Ut\H)  in  n'gard  to  tlio  Marsupials,  so  it  may  be 
nfHt^nl  in  rt^aixi  to  this  order^  that  its  members  differ  so 
\Yi\lolv  f!\>m  iho  typical  mammals  that  thev  are  not  onlv 
iv^\>inKHi  a$  a  di^^tiuct  onler^  bxit  al§o  as  representatives  of 
H  distinct  *ulv-ol%5^  a*  s^vn  on  pag^  67* 

MvMunrcuu\^  an^  ftnv  in  speoie^s  and  belong  to  Austrsdia 
and  adj^vvwt  ry^^u^t^i^,  and  in  $ome  important  respects  their 
«ttnicturc  i^  nnvU  like  tlial  of  Eirvijjv  Indeed,  even  their 
eAtx^vid  5j^r\KSure  at  xmuv  $iij:5??sis  some  l:k«iees  to  thst 
cU$Bf^  vxf  iW  ;iaiin\:jj  kir.^U^au  And  like  the  Birds  the 
>lv>5H>^n^u^  have  vxixty  oi^e  p*s$;ii^  for  voxiin^  the  waste 
v\f  the  Kh^\  They  are  $ii^cC'  *sihtt.£^  tess  than  nro  Seec 
\u  V^\  *ad  are  vx^::u:e  ef  trtse  leech.    The  aazse  35:^ 

l\w  aiNt>x\c  ^"x$er  twv^  ^-vlkv jerked  S."rsa5..  ahhccA 
t\vv  are  o^'^'v  a  verv  fe^  $t>^.*^e^    The  Sr£:iv  Arraicar 
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The  Duckbill  {Platypus)  is  another  form  of  mono- 
treme,  which  is  covered  with  brown  for,  and  has  a  long 
flat  muzzle  ver^  similar  in  its  appearance  to  that  of  a  duck, 


and  which  has  webbed  feet  and  a  flat  tail.  This  animal 
lives  in  ponds  and  quiet  streams,  and  digs  burrows  in  the 
t)anks.    It  represents  the  family  of  Omithorhynchidse. 

Principal  Topics  conbidbked  in  Chapter  II.,  Bkptios  II. 

BUB- SECTION  I, 
The  HtunniBlla  dellDed, — Tbeir  farm  aod  size. Tbeir  dIgeeUre  rTstem. 

general. Sknll. Teeth.  —  Dental  lormnla. Mnwnlar  BTstem.— Repro- 

dncttie  ajstem. NemiDg  STetem, Special  eeDBea. ClaulllcaUaa  or  tbe  Hun- 
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Han  an  order  by  himself. Brect  attltnde. Forward  pair  of  llmlH  Kberatrd 

from  the  fBncHon  or  mere  locomotion. Hand. — Bi^n. Pace. — Speecli. 

Mental  and  spirltoal  endowmente. 


Hand  laferior  to  that  of 

one, Catarrh  ine  monkeye. PWyrhire 

ir  Lemnroldea. 


CBmlTOra  dettned. Cata Hypnsf. ClvelB. Doga,   etc. Piihera, 

Manene.  Sableis  WeaaelB,   Mloke.    GInltonB,    Skunks,   BadgeiB,   Ottera,  etc. 

Bean,  Raccoons,  etc Seals,  and  the  WalroB. 
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SUB-SBCnOH  T. 

Ungnlaia  deftiiedi/ii**Tbelr  teeth. ^Aitiodactylt. Rnmliiantia. Camdv  and 

Llamas. Giraffe.— 4)Keii,  Antelopes,  Goats,  8heq>,  etc. Praigliom. Deer. 

Hlppopotamoflb  —  Hogs,  etc PerisMdactyla. Honte,  etc SUnoo* 

eroses. Tapin. 

BUB-SBCnON  YI. 
Hjraooldea. Siae  and  appearance. ^Tlielr  feet  and  teeth. 


8DB-8BCTIOH  Tfl. 
Proboedden. ^The  Elqpbant. Sise. Froboedc Teeth. jfaetodoa. 


8UB-8HCTION   Till. 
Sirenia. ^Thelr  apptaisace,  stnietarc,  and  hnbita,     ■  Kinds  of  SirenianSb 


SUB-8BCnOK    IX. 

Oetaeea. ^Thelr  sppeannce  mnd  stmctore. ^Zeoglodonts. ^Dentloeles. — 

Spenn  Whales. ^Mysticetes. ^Bigfat  Whsles. 


SUB-BECTIOK    X. 

Chiroptoa.^— Their  atmetnre  and  habits. InseetiTocoiis  Bats. Frogiro- 

rons  fiats. 


8UB-8BCTIOH  XI. 

Insectirora. Their  stractnre  and  hsbits. Galeopethecns. Shrews. — - 

Moles. Hedgehogs. ^Tenrecs. 


SUB-SECTION  XII. 

Rodentia. Their   stmctore. Teeth. Size. Jerboas,  Rats,  etc 

Poached  Gophers,  etc ^Bearers,  Sqairrels,  Porcapines,  Hares,  etc 


BUB-SECTION    XIIL 

Edentata. Their  stmctore. ^Ant-eaters. Sloths. ^Megatheriom,  etc — > 

Armadillos. 


SUB-SECTION  xnr. 
Xarsopialia. Belong  in  Aostralia  and  America. Their  stmctore ^Wom- 
bats.   Kangaroos. Oponoma 


SUB-SECTION  XV. 

Monotiemata. Belong  to  Aostralia. Their  stractnre. Spiny  Anteater.  — > 

Dnckbill. 


f  SECTION  III. 

J  THE  CLASS  OF  AVES  OR  BIRDS. 

^  Sub-section  I. 

BlKDS    CoifSIDEBED   AS   A   CLASS. 

All  of  the  egg-laying  or  oviparous  vertebrates  wliich  are 
clothed  with  feathers  and  organized  for  flight  belong  to 
the  Class  of  Birds — one  of  the  most  interesting  and  one 
of  the  best  defined  groapB  in  the  Animal  Kingdom. 

The  feathers  of  Birds  do  not  grow  from  the  entire  sur- 
face of  the  body,  but  are  symmetrically  and  systematical- 
ly arranged  in  rows  and  patches,  with  bare  intervening 
spaces ;  they  overlap  one  another,  however,  so  as  in  most 
eases  to  cover  the  whole  body. 

The  wings  are  famished  throughout  the  whole  length 
with  a  range  of  quills,  thus  presenting  a  great  surface  to 
the  air. 

Birda  are  fnmished  with  a  bill,  uid  their  neck  la  bo  long  aud  flexi- 
ble that  with  the  bill  tliej'  can  touch  every  part  of  the  body.  They 
have  only  two  feet,  the  forward  locomotiva  nvembere  being  modified 
for  wingB. 

In  iome  epedea  the  vingB  are  not  sufficiently  developed  to  serve 
'  the  purpose  of  true  flight ;  yet  even  in  these  cases  they  greatly  assist 
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in  locomotion  by  be&tiDg  the  air,  as  exemplified  in  the  OstricheB,  or 
by  striking  the  wster  as  in  the  case  of  the  Peo^tn  (Fig.  210). 

The  qnillH  attached  to  the  hand  are  called  pri/narUt,  and  are  the 
largest  and  firment ;  thoM  ntl«clied  to  the  foreamt  are  called  second- 
aries; and  those  attached  to  the  hameraB,  tertiaries.  Bangea  o( 
aUorter  featliera  cover  the  baaes  oi  the  qniUe  above  and  below,  and  are 
called  eotert*.  The  featheri  that  grow  from  the  shonldens  are  called 
teapulars;  those  from  the  thamb, spurious gu&lt. 

Tbe  tail  hae  a  range  of  long  qoills,  with  upper  and 
lower  covertB,  which  serve  both  for  omainent  and  to  aid 
in  supporting  and  guiding  the  animal  in  the  air. 


BbowlDg  Iba  mmet  at  aome  of  the  prtDClp*!  parU  of  m  BIM.     . 

feoth  the  quills  and  the  feathers  consfet  or  two  parts,'  ' 

the  shaft  and  the  vane ;  the  former  is  the  axis,  and  the 

latter  the  expanded  part.     The  vane  eonsists  of  plates  or 

,)laminie,  which  are  connected  by  minute  barbs  or  hooks 

,   ,  -ilong  their  edges,  and  are  thus  rendered  firm  to  resist  tlie 

\  Y"'''-     There  are,  liowever,  on  every  bird,  downy  feathers, 

J    or  such  as  do  not  have  the  laminaa  united.) 


A.  Bird  of  Pandise 


."^x^he  plumage  of  Birds  is  rendered  water-proof  by  the 
,oil  with  which  they  dress  their  feathers,  and  which  is  fui^ 
^  nielied  by  a  gland  situated  on  the  tail. 

Feathers  are  moditications  of  the  epidermis,  and  they 
\^  are  the  most  complicated  of  all  the  various  forms  under 
1  which  the  epidermis  appears^ 

Birds  moult  their  feathers  twice  a  year.  In  some,  the 
winter  plumage  differs  in  its  colors  from  that  of  the  sum- 
mer. In  most  cases  the  colors  of  the  male  are  more  bril- 
liant than  those  of  the  female ;  and  when  this  is  the  oise, 
the  young  of  both -sexes  resemble  the  adult  female.  When 
the  adult  male  and  female  are  of  the  same  color,  their 
yoimg  have  colors  peculiar  to  themselves. 

It  has  been  stated  on  a  pi'evious  page  tlmt  Birds  are 
covered  with  feathers.  But  it  may  be  added  here  that 
tlie  legs  of  most  birds  are  more  or  lees  naked  or  destitute 
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of  feathers.     All  the  so-called  naked  portions  of  the  legs, 
however,  are  covered  with  a  more  or  less  hard  integu- 
ment, varying  from  somewhat  skinny,  as  in  the  Water 
Birds,  to  horny,  as  in  the  Land  Birds.     This  covering  is 
variously    modified,   divided,   and    subdivided,   forming 
^cales  or  scuteUa^  plates  or  retietdationSj  and  tubercles 
^r  granulations.    In  some    cases,   however,  as    in   the 
jThrushes,  etc.,  the  tarsus  shows  few  or  no  divisions  except 
near  the  toes ;  and  such  a  tarsus  is  said  to  be  "  booted." 

^    SctUeUa  are  arranged  in  more  or  less  regular  series  or  up  and  down 
.^ows,  and  in  most  cases  tbej  are  imbricated,  or  arranged  like  tiles  on 
la  roof  ;  as  in  the  Mocking-bird  and  Cat-bird  (Fig.  158). 

Plates  or  reticulations  are  not  in  regular  series,  and  they  are  not  im- 
bricated, but  meet  edge  to  edge ;  as  in  the  Plover  (Fig.  159). 
Granulations  are  elevated  plates ;  as  in  the  Osprey. 


Fig.  157.* 


Fio.  168. 


FiQ.  159. 


Fig.  160. 


Booted  tarBUft—  Bcntellate  taren&—    Reticnlate  tarsus^    Scutellate  tareii»^ 

Robin.  Cat-bird.  Plover.  Pigeon. 

1^  1^8^  and  4<  indicate  let,  2d,  8d,  and  4th  tocB. 


S^ 


J      The  horny  covering  upon  the  mandibles  performs  the 
fiinctions  of  teeth.  The  stomach  may  be  regarded  as  com- 


*  Figures  157-1(X)>  and  288,  are  from  Coues'  "Kvy  to  North  American 
Birds." 


DIOISTITE   SYSTEM. 


posed  of  tliree  parts — the  crop,  which  is  an  enlargement 

of  the  cesophagus ;  a  memhraTious  stomach,  in  whose  walls 

jT are  numerous  glands  which  furnish  juices  to  moisten  the 


Third    I 


Daodeniiiii 


CecB.. 


a  of  «  Bird— OommoQ  rowL 


food ;  and  the  gizzard,  where  the  food  is  finally  digested. 
The  nutrient  products  of  digestion  are  taken  IVom  tlie 
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small  intestine  by  lymphatic  vessefe  which  end  in  two 
thoracic  ducts  that  open  into  the  jugular  veins  on  each 
sideoi  the  base  of  the  neck. 
J^  xEe  circulatory  system  of  Birds  is  essentially  the  same 
as  that  of  Mammals.  The  blood  is  hotter  than  that  of 
any  other  vertebrates,  and  is  rich  in  corpuscles,  and  the 
corpuscles  are  elliptic  in  shape,  and  nucleated  (Figs.  36 
and  37,  page  36.)  Birds  have  only  a  single  aortic  arch, 
vjiamely,  the  right. 

X    The  rei^iratory  system  of  Birds  is  extensive,  and  varies 
considerably  from  that  of  the  Mammals.     The  cavity  of 
tKe  chest  is  not  limited  by  a  diaphragm,  and  the  lungs  are 
lot  suspended  as  free  sacs  in  the  cavity  of  the  trunk,  but 
ire  attached  in  the  form  of  flattened  spongy  masses  to  the 
)Osterior  side  of  the  thorax,  reaching  even  to  the  pelvis, 
r- Air-sacs  on  the  surface  of  the  lungs  and  in  various  parts 
r.  ^     of  the  body,  and  even  the  bones  themselves,  which  are 
\  hollow,  are  in  communication  with  the  lungs,  and  thus 


\^ 


<  \  greatly  enlarge  the  means  of  respiration,  as  well  as  di- 
^  minish  the  specific  gravity  of  the  animal,  thus  the  better 
adapting  it  for  locomotion  through  the  air.   So  completely 
are  the  bones  in  communication  with  the  lungs,  that  it  is 
said,  that  if  the  windpipe  be  tied,  and  the  humerus  be  cut 
off,  and  the  end  left  exposed,  the  bird  can  inspire  and  ex- 
^  pire  through  the  opening  in  the  end  of  the  bonel^^ 
1/ The  motatory  apparatus  of  Birds,  as  in  Mammals,  con- 
met^  of  a  skeleton,  muscles,  tendons,  and  ligaments. 
As  regards  the  skull  of  Birds,  it  is  articulated  with  the 
rst  vertebra  of  the  neck  by  only  one  occipital  condyle,  as 
Sin  Reptiles;   and  as  in  the  latter  class,  each  ramus  or 
^branch  of  the  lower  jaw  is  composed  of  several  pieces, 
and  is  connected  with  the  skull  by  what  is  called  the  os 
quadratum  or  quadrate  bone. 


1, 


t» 


SKELETON- 
Fia.  l«a. 


hd,  had;  cv,  eerrictl  yertebriB;  p,  pelvi«;  k,  acapnia;  li.  divide;  cd,  oorocold 

boDe,  fifTmerlT  rflgmrdad  u  ■  seooDd  clavicle;  tt.  Bterunm;  k,  hnmanu;  u,  nlna;  r, 

^   ndlm  1  c.  csrpoa ;  mc.  meUcarpna  ;  pA  and  Ik.  pfaalanges,  U  belDK  the  tbumb  ;  Ji. 

Jy^^Bfnr;  A  Obnit  and  tibia,  more  or  leaa  united;  i,  Ubia,  or  Where  the  fiboU  la  no 

n  lonflet  aeen,  ot  only  fciotij  indicated  ;  U,  tarana  ;  nU,  metataraua  more  or  leea  con- 

kT^  aolidated  with  the  taraoa ;  p>,  philangea  or  toes. 

The  upper  jaw  or  mandible  of  Birds  is  so  articulated  with 
the  eranium  that  it  can  move  independently  of  the  lower 
jaw — a  peculiarity  which  is  not  fonnd  in  the  Mammalia. 

The  trunk,  Berving  as  a  point  of  support  for  the  ex- 
tended locomotive  members,  has  little  flexibility,  the  ver- 
tebra of  this  portion  being  more  or  less  firmly  joined 
together.  The  pelvis  is  much  lengthened,  furnishing 
points  of  attachment  for  the  muscles  of  the  thighs ;  and 
the  Bternnm  is  of  great  extent,  to  bear  the  extensive 
maseles  for  moving  the  wings  in  flight.     The  ribs  are 
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Fig.  163. 


M 


Skull  of  a  Bird— Eagle. 

ossified  throughout  their  whole  length,  in  order  to  give 
greater  strength  to  the  trunk;  and  a  small  bone  is  at- 
tached obliquely  across  each  rib,  which  also  contributes  to 
the  same  result. 

Hegarding  the  wrist  as  part  of  the  hand,  each  wing  is 
made  up  of  three  sections, — the  arm,  forearm,  and  hand, 
^n^thus  con'esponding  to  the  anterior  extremities  of  man 
V  and  other  mammals. 

The  hind  locomotive  members  of  Birds  are  each  com- 


y 


posed  of  a  femur,  a  tibia  and  fibula,  the  last  two  more  or 
less  united ;  a  tarsus  and  metatarsus,  the  latter  more  or^ 
less  merged  in  the  former ;  and  generally  of  three  toes 
before  and  a  thumb  behind,  the  latter,  however,  some- 
times wanting. 
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.  The  number  of  joints  in  the  thumb  of  birds  is  two,  in 

vihe  next  toe  three,  in  the  next  four,  and  in  th^  outer  one 

^five.    The  bones  of  birds  are  hollow,  as  already  stated ; 

^  hence    very  light  in   comparison   with    their    size  and 

3  strength.      They  are  more  laminated,  and  less  fibrous^ 

)than  the  bones  of  any  other  vertebrates. 

r  \Tlie  bones  of  the  Penguin — a  bird  which  does  not  fly — are  solid  and 
jTheavy  ;  and  those  of  the  Apteryx — a  wingless  bird  of  New  Zealand — 
are  nearly  solid,  having.on}y  a  small  medullary  cavity  in  the  f emur^ 

The  muscles  of  birds  are  relatively  large  and  powerful. 
And  here  it  may  be  stated  as  an  interesting  fact,  that 


^ 


Fig.  164. 


Position  of  the  leg  of  a  Bird  in  perching. 

The  weight  of  the  bird,  by  ^bending  the  Joint  6  and  the  joint  c,  puts  the  mnsde  a, 
&,  c,  d  npon  the  stretch,  and  thus  flexes  the  toes. 

*  The  bones  of  all  birds,  and  of  all  other  vertebrates,  are  at  one  stage  of 
their  formation  essentially  solid ;  that  is,  they  are  not  hollow,  and  they 
have  no  cavities  of  any  sort  The  hoUowness  and  the  cavities  are  produced 
by  the  removal — by  absorption — of  bony  tissue  previously  formed ;  and 
thus  is  the  bone  adapted  for  the  function  it  is  to  perform.  **  The  thinnest- 
walled  and  widest  air-bone  of  the  bird  of  flight  was  first  solid,  next  a  mar- 
row-bone, and  finally  became  the  case  of  an  air-cell.**— Owen. 
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there  is  a  series  of  muscles  reaehing  from  the  pelvis  to  the 
toes,  and  so  arranged  that  the  mere  weight  of  the  bird 
flexes  the  toes,  and  thus  enables  it  to  sleep  in  perfect 
security,  even  though  perched  on  one  foot. 

The  nervous  system  of  Birds  is  well  developed,  and  the 
cerebral  hemispheres  are  superior  in  size  to  the  other 
parts;  but  the  cerebrum  has  no  convolutions;  and  there 
is  no  corpus  callosum  ;  and  the  cerebellum  is  transversely 
grooved.  The  optic  lobes,  which  in  Mammals  are  small 
and  concealed  by  the  brain,  are  comparatively  large  in 
Birds,  and  plainly  seen  without  dissection. 

(girds  have  the  most  piercing  and  distinct  power  of  sight, 

d  they  seem  to  distinguish  objects  near  or  remote  with 

ual  facility.     The  eye  is  protected  by  lids,  and  besides 

le  horizontal  eyelids  there  is  one  placed  at  the  inner 
ngle  which  can  instantly  be  drawn  over  the  eye  like  a 
curtain ;  it  is  called  the  nicj;itatin^  membrane,  and  per- 
forms a  most  important  office  in  protecting  this  delicate 
organ.  ^ 

Birds,  as  a  class,  have  no  external  ear ;  but  they  have  an 
external  tube,  a  tympanic  cavity  or  middle  ear,  and  an 
internal  ear.     Owls,  however,  have  an  external  conch. 

The  organ  of  smell  is  situated  in  the  base  of  the  bill, 
and  the  sense  of  smell  is  thought  to  be  little  developed. 

The  tongue,  in  most  species,  has  but  little  muscular  sub- 
stance, and  the  taste  is  probably  not  very  delicate.     , 

The  sense  of  touch  is  also  feeble,  and  the  nature  of  their 
wings  and  feet  is  accordingly  unfavorable  for  the  exer- 
cise of  this  faculty. 

Birds  lay  eggs,  and  sit  upon  them  to  hatch  them.  The 
egg  in  the  ovary  consists  merely  of  the  part  we  call  yolk ; 
it  imbibes  the  external  fluid  called  the  white  in  the  upper 
part  of  the  oviduct,  and  becomes  covered  with  a  shell  at 
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the  bottom  of  the  Bams  canal.    The  eggs  are  hatched  by 
Leing  kept  at  a  temperature  of  104°  Fahi-.    By  a  beautiful 
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arrangement  the  yolk  and  its  genn  are  always  kept  in  the 
right  position,  no  matter  which  side  up  the  egg  may  be. 

The  young  bird  has  a  homy  point  at  the  extremity  of 
the  biJl,  with  which  it  breaks  the  shell ;  this  falis  off  a  tew 
days  after  the  bird  is  hatched. 

Professor  J.  W.  P.  Jenks  haa  recently  discovered  that  the  alieU  ia 
Erst  pierced  by  tlie  foinard  and  backward  motion  of  the  under  man- 
dible, and  the  kperture  thua  made  la  then  enlarged  and  the  ahell 
broken  by  the  upper  maadible  and  its  horny  point. 

Most  birds  build  nests  in  which  to  lay  their  eggs ;  and  it 
is  an  interesting  fact  that  all  individuals  of  a  species  build 
essentially  alike,  and,  in  a  given  locality,  of  the  same 
kinds  of  materials.  Their  skill  and  industry  in  nestrbnild- 
ing  are  truly  wonderful.  Some  kinds  build  with  sticks; 
others  with  dried  grasses  and  hair ;  others  with  mud  and 
dried  grasses;  others  mainly  with  the  woolly  covering  of 
tlie  stalks  of  ferns ;  others,  as  some  kinds  of  Humming- 
birds, largely  with  lichens ;  and  so  on,  through  a  long  list 
of  materials  that  might  be  enumerated,  bat  which  it  is  not 
necessary  to  enumerate  here.    Some  kinds,  like  the  Oriole, 
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weave  a  neet  of  iibroiis  materials — as  those  from  the  Btalks 
of  the  silkweeds — suspending  the  structure  from  the 
outermost  twigs  of  the  elm  or  other  trees,  where  it  swings 
sectire  from  nearly  all  enemies.  And  others,  as  the  Tailor- 
bird  of  India,  convert  the  cottOD  of  the  cotton-tree  into 
threads,  and  with  these  form  a  nest  by  sewing  together 
living  leaves  (Fig.  167). 


Their  ability  to  anticipate  atmospheric  changes  is  tnily 
wonderful,  and  caused  the  ancients  to  attribute  to  birds 
the  power  of  divination. 

The  longevity  of  birds  is  regarded  as  abont  ten  times 
ss  great  as  the  time  which  they  require  to  come  to  full 
growth.  Domestic  fowls  live  to  the  age  of  twenty  years ; 
parrots,  thirty  years ;  geese,  fifty ;  while  swans,  ravens, 
and  eagles  are  said  to  live  a  century. 
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The  Class  of  Birds,  like  most  other  classes  in  the  Ani- 
mal Kingdom,  has  been  variously  divided.*  This  is  owing 
partly  to  real  progress  in  science,  and  partly  to  the  fact 
that  different  naturalists  attach  different  degrees  of  im- 
portance and  different  meanings  to  the  various  parts  of 
the  structure  of  these  animals.  Huxley  and  some  others 
recognize  only  three  Orders  of  Birds  : 

1.  CARINAT^as,  from  the  Latin  carina,  a  keel ;  the  birds  of  this 

order  have  the  sternum  raised  into  a  ridge  or  keel.  Here  be- 
long all  the  ordinary  birds,  as  Falcons,  Woodpeckers,  Spar- 
rows, Crows,  Pigeons,  Grouse,  Herons,  l/ucks,  etc. 

2.  RatiT-^,  from  the  Latin  raUs  a  raft ;  the  birds  of  this  order 

have  the  sternum  flat  or  keel-less,  that  is  raft-like ;  as  the 
Ostriches,  Apteryx,  etc. 

3.  Saururje,  so  named  from  the  Greek  saura,  a  lizard,  and  oura 

a  tail ;  the  vertebras  of  the  tail  are  numerous,  thus  making  it 
long  like  that  of  a  lizard  ;  as  the  Archseopteryx  (fossil).f 

*  The  Smithsonian  Institution  bas  adopted,  provisionaUy,  the  following 
arrangement  of  the  divisions  and  subdivisions  of  the  Class  of  Birds : 

SUB-CLASS  I.— IN8ESSORE8. 

Obdeb  I. — Passebes,  including  Oscines,  as  the  Thrashes,  Warblers,  Spar- 
rows, etc.,  and  ClamcUiOreSy  as  the  Tyrant  Flycatcher,  etc. 

Obdeb  IL— Stbisobbs,  as/me  Kingfishers,  Goatsuckers,  Humming-birds, 
etc.  / 

Obdeb  III. — Ztgodacttli,  as  the  Cjickoos,  Woodpeckers,  Parrots,  etc 

Obdeb  IV. — Acoipitbes,  as  the  Falcons,  Owls,  Vultures,  etc. 

Obdeb  V. — Pullastrs,  as  the  Pigeons,  Curassows,  etc 

SUB-CLASS  II.— CURS0RE8. 
Obdeb  VI.— Gallin-«,  as  the  Turkeys,  Grouse,  Pheasants,  etc  . 

Obdeb  VII. — Bbevipennes,  as  the  Ostriches. 
Obdeb  VIII.— Gballjs,  as  the  Plovers,  Snipes,  Herons,  etc. 

SUB-CLASS  HI.- NATAT0RE8. 
Obdeb  IX.— Lamellibostbes,  as  the  Swans,  Geese,  Ducks,  etc 
Obdeb  X. — Steganopodes,  as   the  Pelicans,    Gannets,    Filgate-birds, 

Cormorants,  Snake-birds,  and  Tropic-birds. 
Obdeb  XI. — Lonoipennes,  as  the  Gulls,  Terns,  Albatrosses,  Petrels,  etc 
^BDEB  XII.— ProopODES,  as  Divers,  Grebes,  Auks,  and  Penguins. 

V  t  In  fossil  forms  of  birds  there  are  perhaps  two  distinct  orders  : 

1.  Saururae,  represented  by  Archoeopteryx. 

2.  Ichthyornithides,  represented  by  Ichthyomis  and  Aptomis. 
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The  following  classification  is  adopted  in  "J.  History 
of  North  American  Birds,''  by  S.  F.  Baird,  T.  M.  Brew- 
er, and  K.  Kidgeway :  * 


y 


A.  PassERES  (including  Oscines  and  Clamatores),  as  Swallows, 

Warblers,  Sparrows,  Thruslies,  Flycatchers,  etc. 

B.  PlCABI^,  as  Humming-birds,  Cuckoos,  W^peckers,  Goat- 

suckers, etc.  / 

C.  PSITTACI,  as  Parrots,  etc. 

D.  RaptoRES,  as  Owls,  Falcons,  Vultures,  etc. 

E.  COLUMB^,  as  Doves. 

F.  GaLLIN*^,  as  Turkeys,  Grouse,  Quail,  etc. 

G.  LlMICOL'^,  as  Avosets,  Turnstones,  Plovers,  Snipe,  eta 
H.  HeRODI(>NES,  as  Herons  and  Ibises. 

I.     AlECTORIDES,  as  Rails,  Coots,  Gallinules,  etc. 
J.    LamELLIROSTRES,  as  Flamingoes,  Ducks,  and  Geese. 
K.   StEGANOPODES,   as  Gannets,  Pelicans,  Cormorants,  Snake- 
birds,  etc. 
L.    LoKGIPEKKES,  as  Gulls  and  Petrels. 
M.  PyGOPODES,  as  Divers,  Grebes,  and  Auks. 
N.  SpHEKICI,  as  Penguins  only. 

Having  presented  some  of  the  most  recent  and  impor- 
tant classifications  of  the  Birds,  we  may  now  present  the 
old  division  of  the  Class  of  Birds  into  seven  groups  or 
orders — omitting  fossil  species, — and  introduce  the  more 
modern  names  in  the  proper  places,  so  as  to  show  the 
relations  of  the  most  recent  classification  to  the  old.     The 


*  It  may  be  remarked  here  that  in  the  introduction  of  this  work — writ- 
ten by  Dr.  Gill — the  autliors  feci  compelled  **  to  question  tlic  existence  of 
any  groups  of  ordinal  value  among  recent  birds.*' 
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seven  groups  of  living  species  of  birds,  which  have  long 
been  treated  as  orders,  are — 

1.  RapTORES  or  Birds  of  Prey,  wliicli  are  generaUy  of  a  rather 

stoat  form  and  large  size ;  and  have  strong,  hooked  biHs, 
sharp  claws,  great  extent  of  wing  and  powerful  ncmscles ;  and 
whose  females  are  generally  larger  than  the  males  ;  as  Fal- 
cons, Owls,  and  Vultures. 

2.  SCANSORES  or  Climbing  Birds  (including  PiCARi^.   as  Tou- 

cans,  Trogans,  Cuckoos,  Woodpeckers  ;  and  Psittaci,  as  Par- 
rots), which  in  general  have  their  toes  in  pairs,  two  in  front 
and  two  behind. 

3.  IkSESSORES  or  Perching  Birds  (incMiding  OsciNES,  as  Swal-  • 

lows.  Warblers,  Sparrows,  Thrushes,  etc. ;  and  Clamatorbs, 
as  Flycatchers,  etc.).  These  birds  differ  much  among  them- 
selves, but  all  have  three  toes  before  and  one  behind  and 
their  feet  well  adapted  for  perching.  This  group  is  often 
called  Passebeb. 

4.  HaSORI^S  or  Scratching  Birds  (including  COLUMBiB,  the  Doves, 

etc.;  and  Galling,  Grouse,  etc.),  a  group  of  stout-bodied 
birds,  adapted  mainly  for  living  upon  the  ground. 

5.  CURSORES  or  Runners,  which  are  of  large  size,  with  a  very 

long  neck  and  very  long  legs,  and  with  only  rudimentary 
wings  ;  as  thft' Ostriches. 

6.  GrALLATORES    or    Wading   Birds  (including  LIMICOL^,  as 

Plovers, Sn(pe,  Woodcock,  etc.;  Herodiones,  as  Herons,  Ibises, 
etc.;  and  Albctorides,  as  Cranes,  Rails,  etc.),  which  have  the 
bill,  neck  and  legs  very  long  and  slender,  and  a  slender  body. 

7.  NatatORES  or  Swimming  Birds  (including  Lambllirostres, 

as  Ducks,  Geese,  etc.  ;  Steganopodes,  as  Gaunets,  Pelicans, 
Cormorant?,  etc. ;  Longipennbs,  as  Gulls  and  Petrels,  etc. ; 
Pygopodes,  as  Loons,  Grebes,  Auks,  etc. ;  and  Sphbnici,  as 
Penguins  only).* 

*  Bonaparte  and  some  others  divide  the  birds  into  two  Sab-classes : 

1.  ALTRICES,  or  those  whose  young  are  hatched  in  a  very  feeble  condi- 

tion, and  wlilcli  have  to  be  fed  for  a  considerable  time  by  the 
parent,  ns  Falcons,  Parrots,  Thrashes,  etc.  The  name  is  from  the 
Latin  cUtrix,  nourishing. 

2.  Pb^coces,  or  those  whose  young  are  able  to  run,  and  pick  up  food,  as 
soon  as  hatched,  as  Grouse,  Snipe,  Ducks,  etc.  The  name  is  from 
the  Latin  jDrcecox,  early  mature. 
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Having  made  the  stndent  acquainted  with  some  of  the 
principal  classifications  of  Birds,  so  far  as  regards  the 
higher  groups,  we  now  adopt,  for  our  present  pui*poses, 
the  classification  presented  on  the  150tli  page,  introduc- 
ing, after  the  Gallinae,  only  the  additional  group  of  Brevi- 
pennes,  and  treating  all  the  groups,  provisionally,  as 
orders. 

It  must  be  stated  here,  however,  that  it  is  not  probable  that  all 
these  groups  will  ever  be  established  as  genuine  zoological  orders. 

With  this  explanation,  we  may  write  all  the  higher 
groups  of  Birds  as  follow : — 

^4•  Passeres,  as  Thrushes,  Sparrows,  Flycatchers,  etc. 
f^  2.  PlC^IiE,  as  Humming-birds,  Cuckoos,  Woodpeckers,  etc. 
^,    3.  PsrrfACI,  as  Parrots,  etc. 
^      4.  Kaptores,  as  Falcons,  Owls,  Vultures,  etc. 
6.   CoLUMB^,  as  Doves. 
6.  Galling,  as  Turkeys,  Grouse,  Quail,  etc. 
^        7.  Brevip4:nnE8,  as  Ostriches,  etc. 

8.  Luk^ICOL^,  as  Avosets,  Turnstones,  Plovers,  Snipe,  etc. 

9.  Il£RODn)NES,  as  Herons,  Ibises,  etc. 

10.  ALEOTorflDES,  as  Rails,  Coots,  GaUinules,  etc. 

11.  Lamellirqbtres,  as  Flamingoes,  Ducks,  Geese,  etc. 

12.  SteGANOPDDES,  as  Gannets,  Pelicans,  Cormorants,  etc. 

13.  LongIfI^NNES,  as  Gulls  and  Petrels. 

14.  PYGOPtiDES,  as  Divers,  Grebes,  and  Auk^ 

15.  Spheni6i,  as  Penguins  only,  y 


k 
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Sub-section  II. 
The  Order  op  Passeres  oe  Insessores. 

The  name  Passeres  comes  from  the  Latin  passer,  a 
eparrow ;  and  the  name  Insessores  from  the  Latin  wi- 
sideo,  to  perch.  The  latter  of  these  names  is  used  by 
some  omithoiogists  to  designate  a  sub-clasB  of  birds, 
namely  the  Aerial  Birds,  including  the  old  groups  Eap- 
tores,  Scansores,  and  Insessores.  By  others  the  name  In- 
sessores is  used  as  essentially  equivalent  to  Passeres  ;  and 
in  this  latter  sense  we  prefer  to  use  it  for  onr  present 
purposes. 

The  Passeres,  by  the  nature  of  their  feet,  are  perfectly 
adapted  for  perching,  the  four  toes  being  always  present, 


A  PaaeeriDB  oi  IngesgorlHl  Biid,  Wood  ThroBb,  nirdui 

tlie  hind  toe  inserted  on  nearly  the  same  level  as  the  others, 
and  perfectly  opposite  to  the  forward  toes. 

The  Passeres  have  a  homy  bill ;  wings  with  nine  or  ten 
primaries,  and  more  than  six  secondaries ;  and  in  most 
cases  they  hare  twelve  tail  feathers. 
1* 
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The  Passeres  are  the  most  active  of  all  birds ;  and  they 
are  regarded  as  the  typical  representatives  of  the  Class, 
being  the  most  complex  of  all  in  the  details  of  their  or- 
ganization. 

The  Passeres  include  the  Oscines,  or  Singing  Birds,  as 
\the  Thrushes,  Blue-birds,  Chickadees,  Nuthatches,  Creep- 
f  ers,  Wrens,  Warblers,  Tanagers,   Swallows,  Waxwings, 
Vireos,  Shrikes,   Finches,   Larks,  Blackbirds,    Starlings^ 
b  Jays,  Crows,  and  their  numerous  allies,  all  of  which  have) 
Y     a  complex  vocal  apparatus,  consisting  of  live  pairs  of 
\^'    muscles,  although  many  of  them  do  nbt  really  sing;  and 
^>^  the  Clamatores,  as  the  Flycatchers,  whose  vocal  organs 
are  more  simple  or  even  rudimentary. 

(The  Thrushes  or  Turdidse  have  the  bill  notched  near 
khe  tip,  the  wings  with  ten  ^primaries,  the  tarsi  booted, 
as  in  the  robin,  etc.,  or  scutellate,  as  in  the  Cat-bird,  etc., 
(ind  the  feet  very  deeply  cleft.     The  Wood  Thrush,  the 
v^V      Hermit  Thrush,  the  Kobin,  the  Blue-bird,  the  Mocking- 


^  ai 


c 


Fig.  169. 


Mocking-bird,  Jlimus  polygloilus,  Buie. 


\ 


bird,  the  Cat-bird,  and  the  Brown  Thrush  are  among  our 
most  interesting  species.  It  should  be  added,  however, 
that  some  writers  class  the  Bluebirds  under  another  fam- 
ily— the  Saxicolidsai 


^7 
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Closely  related  to  the  Thnishes  are  the  cnriowj  Water 
Onzele   or  Cinclidte,  which   fre-  fw.  ito. 

qiient  clear  streamB,  into  which 
they  wflik  or  dive  and  move 
about  in  search  of  water-insecte 
and  other  small  animalB  for  food. 
The  Water  Ouzel  tFig.  170)  of  the 
Kocky  Mountain  regions  is  our 
only  species. 

\/     Somewhat    like    the    ThmdieS,       vuercnael.ri„aiamtxicana, 

ly  much  smaller,  are  the  Syl-  ^'''"'■ 

vias  or  Sylviidfe,  of  which  our  Kinglets  are  examples. 
^  The  Ruby-crowned  Kinglet  of  North 
America  is  four  and  a  half  inches  long, 
^  I  and  is  at  once  distinguished  by  the 
i  \  J  crown,  which  has  a  large  concealed 
\  patch  of  scarlet  feathers  wliicli  are  white 
at  the  base. 

The  Chickadees  or  Titmice  or  Par- 
idae  (Fig.  172),  are  very  small  oscines, 
about  live  and  a  half  to  seven  inches 
long,  with  ten  primaries,    and  mostly  of  plain   colors. 
They  are  very  pretty  little  birds,  and  are  seen  at  all  sea- 
sons of  the  year,  even  in  the  severest  weather  of  winter. 

The  Nuthatches  or  Sittidai  (Fig,  173)  are  small  oscines, 
four  to  six  inches  long,  with  a  slender,  straight,  but  appar- 
ently slightly  recurved  bill,  and  with  long  wings  which 
have  ten  primaries,  the  first  of  which  is  very  short  or  spn- 
rioua.  They  feed  upon  nuts  and  insects.  They  move  up 
and  down  the  tree-trunks  and  along  the  branches  with  the 
greatest  facility,  easily  assuming  every  possible  attitude. 

The  Creepers  or  Certhiadfe  (Fig.  174),  are  small  oscines, 
which  have  a  decurved  bill  and  rigid  tail-feathers  similar 


TlQ.  ITl. 
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.  to  those  of  a  woodpecker.   They  are  very  active  and  move 

along  the  tmnks  and  branches,  searcliing  in  the  cracks  for 

insets,  upon  which  they  fe^. 

J     [The  AiVrena  or  Troglodytidea  are  a  large  group  of  very, 

^  smal),  and  exceedingly  active,  plain-colored  birds,  more  or 

4    less  related  to  the  Creepers,  Nuthatches,  etc.,  but  readily 

"Y    distinguislied  by  their  general  form,  which  is  well  shown 


BrnwD  Creeper, 
Cerllna/amiUarit.  Traglad^  hyemalii,  VIelllot. 

in  Fig.  175.  Audubon  says  that  the  song  of  the  Winter 
Wren  excels  that  of  any  other  bird  of  its  size  with  which 
he  is  acquainted.^ 
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^he  '\Eaiblfir8  or  Sylvicolidffi  (Figs.  176-178),  are  very 
small — ^generally  less  than  six  inches  in  length — but  exceed- 
ingly beautiful  and  interesting  birds.  They  have  the 
bill  usually  half  the  length  of  the  head,  nine  primaries, 

Ito.  176. 


Maryland  Tpllow-throat  Warbler— female,  Geothlypu  trichas,  Cabanis. 


Fivi.  17/. 


Fio.  178. 


Nightingale, 
Philomela  luscinia,  Sw. 


Blackburnian  Warbler, 
Dendroica  BUKkbumiat  Baird. 


the  tarsi  distinctly  scutellate  anteriorly,  the  lateral  toes 
nearly  equal  and  shorter  than  the  middle  one,  and  the 
basal  joint  of  the  middle  one  free  nearly  to  its  base  ex- 
ternally, and  united  for  half  the  length  interiorly.  Many 
species  of  warblers  are  often  found  in  the  same  local- 
ity, and  may  be  seen  a  great  part  of  the  day  gliding 
among  the  thick  foliage,  busily  engaged  in  catching  the 
minute  insects  which  lurk  beneath  the  leaves  and  in  the 
buds  and  blossoms,  and  which,  for  the  most  part,  escape 
the  sight  of  other  and  larger  birds.  Some  species  of  the 
warblers — as  the  Nightingale — are  among  the  sweetest  of 
the  feathered  songsters!! 

Closely  relatedtcTtne' Warblers  are  the  Tanagers  or 
TanagridaB,  a  very  large  group  of  oscines,  noted  for  their 
brilliant  plumage.     Here  belong  the  Scarlet  Tanager,  the 
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males  of  which  are  wholly  bright  scarlet,  except  the  wings 
and  tail,  which  are  black ;  and  the  Summer  Hedbird  of 
the  Bonthem  States,  a  bird  whose  general  color  is  light  red. 
The  Swallows  or  Hinindinidse,  are  oscinee  at  once  dis- 
tinguished by  their  very  short,  depressed,  and  triangular 
bin,  long  wings,very  short  tarsi,  and,  generally,  forked  tail. 
The  Waxwings  or  Ampelidee,  are  so  named  because  tlie 
j^  ,^  inner  quills  of    their  wings 

are  fumislied  with  horny  ap- 
pendages that  resemble  seal- 
ing-wax. They  have  a  short 
and  broad  bill,  both  man- 
dibles notched,  and  the  upper 
one  with  s  tooth  behind  the 
notch.  Our  most  common 
species  is  the  well-known 
Cedar  Bird,  which  is  seven 
and  a  quarter  inches  long. 

Tlie  Vireoa  or  Tireonidse 
ire  oscines  which  have  the 
bill  stout,  compressed,  and  distinctly  notched,  and  hooked 
st  the  tip,  and  the  wings  with  ten  primaries,  the  first  of 
y,g^  ^g^  which   is  short  or  apparently 

wanting.  They  are  small,  only 
five  or  six  inches  long,  of  a 
general  olive  color  above,  and 
white  below ;  and  they  are 
among  the  most  interesting 
songsters  of  our  groves  and 
forests.  They  live  mostly 
among  the  tree-tops  and  in 
the  thick  foliage,  where  their 
clear  and  sweet  notes  may  be  heard  throughout  the  day. 


? 
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The  Shrikes  or  Laniidae  are  strikingly  prominent  among 
the  Oscines,  on  account  of  their  strong,  abrnptly-hooked, 
notched,  and  toothed  bill,  which  seems  to  ally  them  to 
the  Falcons.  And  in  strict  accordance  with  this  structure 
of  the  bill,  they  are  rapacious  in  their  habits,  preying  more 
or  less  upon  small  birds  and  quadrupeds. 

The  Shrikes  have  a  most  singular  habit  of  impaling 
their  prey  upon  thorns  and  sharp  twigs ;  but  for  what 
purpose  they  do  this  is  not  known. 

cr  ^^he  Great  Northern  Shrike,  or  Butcher-bird,  of  North 
J>*  America  is  about  nine  inches  long,  and  its  general  color 
^    is  light-bluish  ash  ;  a  stripe  on  the  side  of  the  head,  and 
the  wings  and  tail  are  blaclfli 

^^^^  Fig.  181. 


Great  Northern  Shrike,  CoUurio  borealis,  Baird. 

The  Grosbeaks,  Finches,  Crossbills,  Linnets,  Gold- 
finches, Buntings,  Sparrows,  Chewinks,  etc.,  and  their 
allies  are  oscines  which  belong  to  the  great  family  of 
Fringillidse,  the  largest  family  of  birds  in  North  Amer- 
ica. It  may  be  stated  in  general  terms,  that  the  Fringil- 
lidsB  have  a  short,  stout,  conical  bill,  nine  primaries,  tarsi 
which  are  scutellate  in  front  and  the  sides  with  undi- 
vided plates,  meeting  and  forming  a  sharp  ridge  behind. 
They  are  mostly  small  birds,  and,  with  few  exceptions, 
their  colors  are  plain.  Some,  however — as  the  Rose- 
breasted  Grosbeak — are  among  the  most  beautiful  of  birds. 
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Fig.  181  Fro.  W3. 


CtarDti-aKra  iatcepttra,  Wllxm. 


Soae-biHitpil  Qrcsbeik,  Guh 


>r 


Bodg-^xmnr,  MeioiitUit  Ctwwlnk,  Pipiln  cTythrnphtkalmt 
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And  nearly  all  aro  BiDgera ;  Bome  of  them  ars  among  onr 

sweetest  songsters. 

Of  the  Larks  or  Alandidee — the  family  to  which  the 
famous  Skylark  of  Europe  belongs — there  is  in  the 
United  States  but  a  single  species,  namely,  the  Shore  Lark, 
or  "  Horned"  Lark,  abundant  on  the  plains  and  prairies. 
It  is  nearly  eight  inches  long.     The  general  color  above 


^^ 


is  pinkisli  browTi ;  a  band  across  the  crown  and  running 
back  along  the  lateral  tufts,  and  a  patch  below  the  eye 
and  along  the  side  of  the  head,  and  a  pectoral  crescent  are 
black ;  the  frontal  band  and  nnder  parts  are  white.  It 
Binge  sweetly  white  on  the  wing,  but  ils  song  is  short. 


Baltimore  Or  u  e  Icit-ua  BaK  mn  c  Laudiil. 

Tke  Bobolinks    Cow  birds  Blackbirds,  Meadow-Larks, 
Siblings,  Orioles,   Crow-blackbirds,  Jackdaws,  etc.,  are 
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B  which  agree  in  having  the  body  relatively  ratlier 
long,  and  the  bill  rather  long,  and   mostly  very  acate ; 
and  together  they  constitute  the  family  of  Icteridae. 
^he  well-known  BoboliukB,  or  Reed-birds,  or  Rice-birds, 


fioboUak,  Dotidum. 


Hudoff-Luk.  SlMrwIla  i 


~    (Fig.  189),  are  lees  than  eight  inches  long  and  are  among 
tlie  most  spirited  of  songsters,  i   The  Cow-birde  are  re- 
'-  '      markable  for  their  parasitic  habits. 

Like  the  European  Cuckoo,  tiie  Cow-bird  makes  no  nest,  but  uteiilth- 
ilj  lajB  its  eggs,  out;  one  in  a  neat,  in  the  ueets  of  other  birde,  eepe- 
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EuropuD  StsrllDg,  Slimus  vulgari: 

cUIlj  in  those  of  tLo  Marrland  Yellow -throat,  eeveral  Flywitchere, 
the  Blue-bird,  Cliipping  Sparrow,  and  Oolden-crowned  Thruah.  Tlie 
egg  is  pale  grsjieh-blue,  aprinkled  with  umber-browu  dots  and  short 
Htreaks  ;  and  it  ia  a  remarkable  fact  that  it  hatches  before  tlie  eggs 
of  the  bird  in  whose  neat  it  ia  laid.  No  aooner  has  the  young  Cow- 
bird  hatclied,  than  tlie  foster-parents  fly  off  to  obtain  food  for  it,  and 
hence  their  own  eggS  perish,  and  are  at  length  thrown  from  the  nest 
The  young  bird  u<  cared  for  with  all  tendemesB,  and  fed  even  long 
Btier  it  lias  begun  to  fly  about,  and  after  it  has  liecome  larger  than 
the  foster-parents  themselves. 

The  Havens,  Crows,  Roolts,  Magpiea,  Jays,  etc.,  are 
ineeBSorial  birds  whieli  are  relatively  of  large  size,  and 
which  are  united  into  one  family  called  the  CorvidBe. 
They  have  a  rather  stout  bill ;  the  nostrils  are  covered 
■with  tufts  of  bristly  feathers ;  they  have  ten  primaries ; 
twelve  tail-feathers  J  and  the  tarsi  have  each  a  scntellum 
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in  front,  sepai-ated  from  the  rest  of  the  tarsal  covering  b/^ 
a  groove, 

The  Ravens  are  the  largest  of  the  Corvidse,  being  about 
two  feet  long,  and  readily  distinguished  from  the/Clrows, 
not  only  by  their  larger  size,  but  by  the  feathers  of  the 
throat,  which  are  long,  acute,  and  separated;  while  the 
feathers  on  the  throat  of  the  Crows  are  oval  in  shape  and 
closely  blended. 


Uagple.  Fi'm  Imdiimica.  Bonip. 

The  Magpies  (Pica)  have  the  bill  mnch  cnrved,  and  the 
tail  exceedingly  long,  making  the  total  length  of  the  bird 
about  fifteen  or  twenty  inches  (Fig.  192). 
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yXhc  Jays  usually  liave  the  head  more  or  less  crested,  as 
y  seen  in  tlio  well-knowu  Elne  Jay  (Fig:  l63),  a  bird  wliidi 


in  beauty  of  plumage  is  scarcely  surpassed,  even  if 
equaled,  by  any  other  bird  in  North  America) 

^To  the  Fasseres  belong  also  tJie  famous  Birds  of'Para- 

dise, ,  the  Paradiseidae,  whose  plumage  ie  wonderfully 
developed  and  exceedingly  beautiful  (Fig.  194.)  One  of 
the  best  known  species  has  a  body  about  the  size  of  the 
common  Robin ;  its  general  color  maroon ;  head  and  neck 
yellow ;  the  throat  and  around  the  bill  emerald.  On  tlie 
sides  of  the  body  there  is  a  splendid  plume  of  delicate 
yellow  feathera. 

In  the  division  of  the  Passeres  called  Clauatores  the 
vocal  muBcIea  of  the  lower  larynx  are  small,  or  merely 
rudimentary,  as  already  stated;  that  is,  these  birds  hare 
no  welj-developed  singing  apparatus.  The  Clamatores 
are  also  distinguishable  from  the  Oscines,  by  the  strue- 
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il  of  fmdlw,  mroditiia. 


PAS8ERES:   FLYCATCHERS.  -lOY 

The  ClanistoreB    include    the    Kingbird,    the    Great- 
crested  Flycatcher,  the  Pe-  fm.  i«s.  . 
wees,    and    all    the    other 
numerous  members  of  the 
family   of    Flycatchers    or 
Tyranoidse.       They    have 
the  bill  rather  broad,  and  in 
most  cases  bent  downward  . 
at  the  tip ;  and  the  sides  of 
the  mouth  are  provided  with 
bristles.      These  birds  are 
of  the  size  of  sparrows,  or 
smaller,   and   constitute 
very  interesting  family. 


EtngblTd,  Tyn 


sub-8ecti0n   iil 
Thb  Order  op  Picari-b,  or  Picahian  Birds. 

In  this  order  or  group,  ornithologists  include  a  large 
nnmber  of  birds  of  widely  different  forms,  such  as  G-oa)> 
suckers,  Chimney  Swallows  or  Swifts,  Humming-birds, 
Trogons,  Sawbills,  Toucans,  Cuekoos,  Kingfishers,  Wood- 
peckers, etc. 

Tiie  group  of  PiearisB  is  abont  equivalent  to  the  old 
groaps  Strisores  and  Scansoree — excepting  only  the  Par- 
rote,  which  are  now  regarded  as  constituting  an  order  by 
themselves. 

As  a  whole,  the  Piearise  are  not  easily  defined  ;  and, 
therefore,  for  our  present  purposes  we  will  notice  merely 
some  of  the  leading  forms  separately.  It  may  be  stated 
liere,  however,  that  the  Piearise  agree  in  this,  that  they 
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are  alike  in  differing  from  all  otiier  birds ;  and  in  having 
no  highly  developed  singiug  apparatus ;  aod  in  having,  in 
most  or  all  cases,  some  ohe  of  their  toes  capable  of  being 
turned  and  used  in  a  direction  opposite  to  that  which  is 
the  nenal  direction  of  birds'  toes.j  Those  known  as  Scan- 
sores — as  Toucans,  Cuckoos,  WoodpeukerB,  etc. — have  two 
of  the  toes  directed  forward  and  two  directed  backward. 


Foot  of  B  PlcHriAU  Bicil— Woodpecker, 

The  Goatsuckers  or  Oaprimulgidfe  are  such  as  the 
ChuckwillVwidow  of  the  Southern  States,  and  the  Whip- 
poorwill,  and  the  well-known  Night-hawk,  etc.,  all  of 
which  have  a  small  triangular  bill,  enormous  gape,  large 
head,  and  very  lax  plumage.  As  to  size,  they  are  much 
smaller  than  a,  common  dove. 


Wlilroo*'"'ll'>  ^nirotlomut  voeifenu.  BonwarM. 

The  notes  of  the  Whippoorwill  are  three,  and  have  a 
fancied  resemblance  to  tUe  sjllablea  whip-^oor-wiU,  and 
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hence  its  name.     Daring  the  day  the  "Whippoorwill  alceps 
upon  the  ground,  or  on  fallen  fig.  iob. 

trunks  of  trees,  or  on  low 
branches,  and  may  often  be 
approached  to  within  a  few 
feet  before  it  flies.  It  is  said 
that  it  always  sits  with  its  body 
parallel  to  the  branch  on  wliich 
it  alights,  and  never  across 
■  it.  The  same  is  regarded  as 
true  of  the  Night-hawk. 

The  HurajningJiirds  or  Tro- 
cliilidEe  are  birds  of  the  smallest 
size  and  of  the  most  gorgeous 
plumage  to  be  found  in  the 
feathered  race.  We  might  as 
■well  attempt  to  describe  the 
rainbow  as  the  hues  of  em- 
erald, and  ruby,  and  amethyst,  and  topaz,  and  bur- 
nished gold  which  flash  from  these  beautiful  forms  of 
life,  as  they  glance  among  the  foliage,  or  dart  from  flower 
to  flower  seeking  their  accustomed  food.  They  belong 
exclusively  to  the  continent  and  islands  of  America,  and 


X 


Tnchilui  colubrii,  Linn.  T.  tBtabrit,  LIdd. 

are  the  most  numerous  in  the  hot  regions.     Some  species 
i-ange  north  to  the  Arctic  regions,  and  south  to  Patagonia, 
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and  from  the  level  of  the  sea  to  the  cold  heigbte  of  the 
Audes.  Everything  in  their  organization  contribates  to 
give  them  great  power  and  rapidity  of  flight ;  and  they 
are  able  to  balance  themaelves  in  the  air,  or  beside  a 
flower,  with  a  facility  that  is  truly  wonderful,  and  which 
flndfl  a  parallel  only  among  some  of  tlie  inBeet  tnbea. 
Their  food  coneiste  of  insects  and  honey,  which  are  se- 
cured by  extending  the  tongae  into  flowers  without  open- 
ing the  bill  very  wide.    About  four  hundred  species  of 
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Hnmtning-birds  are  known ;  and  bix  or  more  are  foand 
in  North  America. 

None  of  tbe  ecansorial  birds  are  more  remarkable  in 
their  appearance  than  the  Toncans  or  Kliamphagtidse,  which 
have  the  bill  almost  as  long  as  the  body.  The  bill  is 
light,  being  cellular  in  its  strnctm^,  and  is  serrated  on  ita 
edges.  Toucans  have  a  long  tongne  which  is  barbed  on 
both  edges.  They  inliabit  warm  countries,  and  are  about 
the  size  of  a  dove,  but  more  slender. 

The  Cuckoos  or  Cuculidee  are  scaneorial  birds  which 
have  a  gently  curved  bill,  long  body,  long  tail,  and  rather 
long  tarsi.     They  vary  in  size  from  that  of  the  Yellow- 


YeDow-bllled  Cuckoo,  Coccieia  aftericaaai.  BgQ»p»rU. 

billed  Cuckoo  (Fig.  202),  twelve  inches  in  length,  to  that 
of  the  curious  Ghapparal  Cock  or  Eoadrunner  (Geo- 
coccyx  califomian'us),  which  is  found  in  the  south-' 
western  portions  of  our  eonntry,  and  which  is  about 
twenty-four  inches  long,  its  tail  being  about  a  foot  in 
length. 
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The  European  Cuckoo  is  noted  on  account  of  its  habit 
of  depositing  its  eggs  in  the  nests  of  other  birds. 

The  Kingfishers  or  Alcedinidae  have  a.  very  long  and 
acute  bill,  very  short  tarsi,  and  small,  eyndaetyle  feet; 
that  is,  two  of  their  toes — the  third  and  fourth — are  much 
united.     Ponds  and  slow  streams  are  their  favorite  resorts, 


Belted  fiueasher,  Cetyle  alcacn,  Boie. 

near  which  they  sit  on  a  brancli  or  decayed  limb,  and 
wat«h  for  fish,  which  constitute  their  food.  At  the  ■ 
proper  moment  the  Kingfisher  plunges  headlong  into  the 
water,  seizes  the  fish,  flies  to  the  nearest  tree,  and  swallows 
its  victim  in  a  moment,  and  is  immediately  on  the  watch 
for  another.  The  Belted  Kingfisher  is  about  thirteen 
inches  in  length. 

The  Wood^eck^s  or  Picidie  have  a  straight,  rigid,  and 
sharp  bill,  which  is  specially  adapted  to  cutting  into  bark 
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or  wood  ;  and  they  have  a  ^^  ^^ 

\6ng,  acute  tongue,  armed 
towards  the  tip  with  barbs, 
and  capable  of  great  exten- 
tion.  They  have  stout  feet, 
long  wings,  ten  primaries, 
and  twelve  tail  feathers,  the 
exterior  being  small  and 
concealed.  Woodpeckers 
feed  npon  the  larvse  of  in- 
sects, which  they  secure  by 
introducing  their  extensible 
tongne  under  the  bark  of 

trees,    or    into    crevices,    or     Bed-li»ded  Wooapocier,  Udmerpa  erf 

into  holes  which  they  them-  sroBiJAajM,  awiinmn. 

selves  have  made,  and  then  transfixing  the  larvae  with 
no  «»  ^^^  barbed    point,  or 

the  Iarv%  adhere  to 
the  viscid  glue  with 
which  the  tongue  is 
covered. 

There  are  about 
thirty  species  in  North 
America,  varying  from 
six  to  twenty  or  more 
inches  in  length.  — 
Some  of  onr  most  in- 
teresting species  are 
the  Ivory-billed  Wood- 
pecker, and  the  Eed- 
headed  Woodpecker 
(Fig.  204),  and  the 
Golden- winged  Wood- 
*»Kta«,  Bwiinson.  pocker  (Fig.  205). 
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SuB-8ECnON   IV. 

The  Obdbe  of  Pmttaci  ob  Pabbots. 

The  Parrots,  JMacawB,  CockatooB,  and  Paroquets,  have  a 
stout,  hooked,  somewhat  hawk-like  bill,  and  the  base  cov- 
ered with  a  soft  skin  called  cere.  Their  tongue  is  thick 
and  fleshy,  and  their  inferior  larynx  is  complicated  in  its 
etructnre.     They  vary  in  size  from  that  of  a  sparrow  to 


the  size  of  common  dove,  or  larger,  and  most  of  them  are 
adorned  with  varied  and  gorgeoaa  plumage. 


EAPTORES;   FALCONS,   ETC. 


Parrots  were  formerlj  included  in  the  old  order  8can- 
Boree,  being  allied  to  tJiat  group  bj  the  nature  of  their 


(feet,  as  thej  have  two  toes  in  front  and  two  behind,  the 
onter  forward  toe  being  directed  backward. 


Sub-section  V. 

The:  Ordbr  of  Raftobes  or  Birds  of  Pret. 

The  birdfi  of  this  order,  with  few  exceptions,  are  adapted 
for  pursuing  and  capturing  other  birds  and  other  animals 
for  food.  In  general  they  are  of  comparatively  large  size, 
and  have  strong,  hooked  bills,  sharp  claws,  great  extent 
of  wing,  and  powerful  muscles ;  and  the  females  are  gen- 
erally larger  than  the  males.     They  live  in  pairs,  and  are 
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said  to  choose  their  mates  for  life.     The  plnmage  of  the 
young  and  immature  iudividualB  differs  greatly  from  that 


Bltd  of  Prer-    G«&1(»D,  FalO)  icelandicu, 


of  the  adiilt.  The  Falcons,  Hawks,  and  Eagles  are  the 
typical  rapacions  birds,  and  constitute  the  great  family 
of  FalconidjB. 

The  true  Falcons  {Falco),  as  the  Gerfalcons  (Fig.  208) 
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illof  sBtrdof  Pre; 
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of  the  cold  regions — the  birds  celebrated  from  their  use 
in  the  cmel  eport  of  falconrj — the  Peregrine  Falcon  or 


agtxiow  Hvrrk,  S^alcB  tpar-  Cock  Hawk,  or  Fangrine  nicoa,  I\ttca  an 


Dnck  Hawk  (Fig.  212),  the  Pigeon  Hawk,  the  Sparrow 
Hawk  (Fig.  211),  etc.,  have  the  tipper  mandible  distinctlj 
toothed,  as  Been  in  Fig.  212.  The  true  FalconB  are  re- 
markable for  exceedingly  rapid  flight,  and  for  great  bold- 
ness in  attacking  their  prey.  The  Dnck  Hawk  is  one  of 
onr  most  interesting  species.  This  falcon  porsneB  it«  prey 
with  almoBt  inconceivable  velocity  throngh  all  its  tnm- 
inga  and  windings,  and  when  within  a  few  feet  of  the 
intended  victim  protrudes  its  lege  and  talons  to  their  foil 
extent,  almost  closes  its  wings  for  a  moment,  and  the  next 
instant  grasps  the  prize,  and  bears  it  away. 

The  members  of  the  Falconidse  which  are  properly  called 
Hawks,  do  not  have  the  upper  mandible  toothed,  although 
in  most,  or  at  least  in  many  cases,  they  have  this  man- 
dible lobed.  Such  are  the  Goshawk,  Cooper'a  Hawk, 
Sharp-shinned  Hawk,  Eed-tailed  Hawk,  Bed-shouldered 
Hawk,  etc.  Althongh  many  of  these  are  very  rapacious, 
they  are  not  regarded  as  having  comparatively  eo  groat 
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strength,  swiftness  of  flight,  and  courage,  as  the  tme  Fal- 
cons already  noticed. 

About  seventy  species  of  the  Falconidae  are  known  as 
Eagles.  Among  the  most  interesting  species  are  the 
Golden  or  King-tailed  Eagle,  the  White-headed  Eagle — 
often  incorrectly  called  the  BcUd  Eagle — and  the  Osprey 
or  Fish  Hawk.  The  Golden  Eagle  has  its  tarsi  feathered, 
K^  J^Bven  to  the  toes, 

V     The  JVhite-headed  Eagle  {Sidietus  leucocephalua^  Sa- 

ly  vigny.  Fig.  213)  Tias  the  tarsi  mostly  hare  of  feathers, 

^  This  Eagle  frequents  the  sea-shore,  lakes,  and  rivers,  and 

^  feeds  upon  fish.    It  builds  its  nest  on  a  tall  tree ;  while 

xl  tlie  Golden  Eagle  builds  its  nest  upon  a  rocky  cliflF. 

Vy'    Among  all  the  rapacious  birds,  none  are  more  remark- 

Jable  in  their  appearance  than  the  OwLs  or    Strigidse. 

^v;  These  birds  have  a  comparatively  short  body,  very  loose 

■'i   plumage,  very  large  head,  very  large  eyes  directed  for- 

rward,  a  curved  bill  nearly  concealed  by  bristle-like  featli- 

ers,  and  large  ear  cavities ;  and  the  whole  expression  of 

the  face  is  decidedly  cat-like. 

About  a  hundred  and  fifty  kinds  are  known,  and  ex- 
cepting the  Snowy  Owls,  and  Hawk-Owls,  which  have 
the  general  appearance  and  habits  both  of  owls  and  falcons, 
they  are  mostly  nocturnal  in  their  habits,  being  abroad 
at  twilight  and  at  night,  and  keeping  quiet  during  the 
day. 

In  size,  the  Owls  vary  from  the  little  Acadian  Owl, 
scarcely  larger  than  a  robin,  to  the  large  Snowy  Owls, 
and  the  Great  Homed  Owls,  which  have  a  total  length  of 
about  two  feet  (Figs.  214,  215). 

The  smaller  kinds  of  owls  prey  upon  insects,  mice, 
squirrels,  and  small  birds;  but  the  larger  kinds  attack 
hares,  and  grouse ;  and  not  unf requently  visit  the  farm- 


\) 
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RAPTORES:    OWLS. 


yards  and  make  havoc  among  the  poultry.  And  the 
Snowy  Owl  captures  ducks  and  other  birds  upon  the 
wing,  Btriking  them  much  after  the  manner  of  a  talcon. 


The  tremulous  and  doleful  notes  of  the  little  Mottled 
or  Screech  Owl,  the  prolonged  and  painful  cry  of  the 
Long-eared  Owl,  the  jilting  noise  of  the  little  Acadian 
or  Saw-whet  Owl,  are  sounds  most  unwelcome  to  him 
who  has  not  yet  learned  the  harmless  nature  of  the  beings 
from  which  they  come. 

Most  kinds  of  owls  spend  the  day  in  the  thick  forests, 
among  the  thick  foliage,  and  not  unfrequently  in  a  hol- 
low tree.     The  little  Burrowing  Owl  of  the  High  Central 
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Plains  ol  our  eountiy,  lives  in  the  bnrrowe  of  the  Prairie 
Dog,  where  it  is  donbtlesa  an  unwelcome  visitor. 


Suuwjr  Owl,  !fyelM  nivta.  Qny. 

Of  all  the  birds  included  in  the  Order  of  Raptores, 
none  are  of  less  popular  inteM«t^taken  together  as  a 
family — than  the  Vultures  or  Vnltnridse  ;  althongh  there 
are  a  few  very  interesting  species,  as  the  Condor,  of  South 
America,  and  the  Lainmergyer,  of  the  Alps.  The  Viil- 
tnres  have  the  eyes  on  a  level  with  the  sides  of  the  head, 
and  the  head  and  upper  part  of  the  neck  naked.  Except- 
ing the  Condor  and  Lammergyer,  and  a  few  others,  they 
are  tiie  feeblest  representatives  of  the  rapaeions  birds. 
They  seldom  capture  their  food  unleee  forced  to  do  so  by 
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hunger ;  tliey  prefer  to  feed  on  dead  and  decaying  animals 
which  they  chance  to  find.  In  a  word,  they  are  the  scav- 
engers among  Birds,  as  the  Hyena«  are  among  Mammals. 


es  caiifomianUMf  Bhaw, 


They  are  often  called  Buzzards,  and  are  the  most  numer- 
ons  in  warm  countries,  where  they  serve  a  most  important 
parpose  in  removing  dead  and  decaying  animals.    The 
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California  Vulture,  is  the  largest  rapacious  bird  in  Amer- 
ica, except  the  Condor,  having  a  total  length  of  about 
fifty  inches. 


Sub-section  VL 
The  Order  of  Columb^e  or  Pigeons  and  Doves. 

The  name  of  this  order  is  from  the  Latin  word  colum- 
ha^  a  pigeon.  The  Columbse  are  birds  which  have  the 
bill  shorter  than  the  head,  the  basal  portion  covered  by  a 
soft  skin  in  which  the  nostrils  are  situated,  the  hind  toe 
on  the  same  level  as  the  others,  and  the  anterior  toe 
without  a  basal  membrane.  They  live  in  pairs,  lay  two 
eggs  for  a  brood,  but 'breed  often,  and  feed  their  young 
with  macerated  food  from  their  own  crops. 

The  common  domestic  Doves  and  Pigeons,  the  Wild 
Pigeons,  the  Turtle  Doves,  etc.,  which  together  consti- 
tute the  family  of  Oolumbidse,  are  familiar  examples  of 
this  interesting  order. 

The  Wild  or  Passenger  Pigeon,  of  North  America,  is 
seventeen  inches  long,  and  has  the  upper  parts  blue, 
under  parts  mainly  purplish-red,  and  the  sides  and  back 
of  the  neck  a  glossy  golden-violet.  This  Pigeon  is  ex- 
tremely rapid  in  flight,  being  able  to  perform  a  long 
journey  at  an  average  speed  of  a  mile  a  minute !  The  mi- 
grations are  for  the  purpose  of  procuring  food,  and  hence 
do  not  take  place  at  any  particular  season  of  the  year.  Mil- 
lions of  pigeons  often  associate  in  a  single  roost,  completely 
filling  a  forest  for  thirty  or  forty  miles  in  length  and  several 
miles  in  breadth,  and  literally  loading  and  breaking  down 
large  trees.  From  their  roosts  they  fly  off  hundreds  of 
miles,  in  some  cases,  to  feeding-grounds,  and  return  at 
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night.  Sometimes,  in  their  migratioQe,  they  fill  the  air 
like  a  cloud,  and  thuB  continue  to  pass  for  a  wliole  day, 
and  even  for  two  or  three  siieeeBsive  days!  The  nest  is 
built  on  a  tree,  and  is  composed  of  a  few  dry  sticks  and 
twigs,  and  more  than  a  hundred  nests  are  sometimes 
placed  on  a  single  tree. 


Sub-section  VII. 

,      The  Ordee  of  Galling,  oh  Pheasants,  bio. 

The  birds  included  in  the  order  of  Gallinte — from  the 
Latin  ffoUns,  R  cock — have  the  bill  short,  stout,  and  hard  ; 
the  legs  rather  long ;  the  hind  toe  in  most  eases  more  or 
less  elevated  ;  and  the  toes  connected  at  their  base  by  a 
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membrane;  and  their  young  are  able  to  niD  sboat  and 
pick  up  food  ae  eoon  as  hat(;hed. 


To  thie  order  belong  the  Pheasants,  the  common  do- 
mestic fowls,  and  their  wild  allies ;  also  the  Grouse,  the 
Quails,  etc. 


/ 
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The  Jnngle  Fowls  of  India,  the  coinmon  cock  and  hen, 
the  TnrkejB,  the  Feacocks,  the  Fheasaate,  etc,  belong  to 
onegreat  family — the  Phaaianidse. 

WThe  Grouse  or  Tetraonidse  are  galHnaeeons  birds  which 
[haVe  the  naeal  foesee  filled  and  covered  with  feathers,  the 
tarsi  more  or  less  featliered,  and  the  toes  pectiaated  along 
their  edges.  The  Prairie  Chicken,  the  Rnffed  Gronse, 
the  Sage  Cock,  and  Spruce  Fartridge  are  among  onr  most 
interesting  species.  Here  also  belong  the  Ptarmigans  of 
^ejold  northern  regions.^ 

The  BnjEEed  Gronse,  or  "Partridge,"  of  the  United 


Ballad  Oronu.  Bomua  w 


States  is  about  eighteen  inches  long,  and  the  color  is 
reddish-brown  or  gray  above,  the  back  with  spots  of 
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lighter ;  the  under  parts  whitish,  barred  with  dnll  brown. 
The  feathers  of  the  raff  are  black ;  the  beaatif  d1  tail  ia 
tipped  with  gray,  and  has  a  subterminal  bar  of  black. 
The  Knfied  Gronse  walks  with  a  prond  step,  elevated 
head,  the  mfis  more  or  less  raised,  and  its  exquisitely 
beantifnl  tail  partly  spread.  It  takes  wing  with  the  loud 
whirring  which  all  have  heard  who  have  had  the  pleasnre 
of  visiting  its  favorite  resorts. 

The  Qaails  or  Perdicidie  are  birds  which  differ  from 


Qmll,  Oriyr  riigituaHat,  BuniiaTte. 

the  gronse  in  being  ninch  smaller,  and  in  having  bare  tarsi, 
and  naked  nasal  fossae. 

Tbe  Quail  or  Bob  White  of  the  United  States  is  ten 
inches  long,  and  the  prevailing  color  above  is  brownish- 
red  ;  the  nnder  parts  are  white,  tinged  with  brown  before, 
and  marked  with  obtusely  T-shaped  spots  of  black ;  the 
head  b  beaatiMly  marked  with  pure  white  and  black. 


gallin-e:  qcails. 


The  Mountain  Quail,  of  the  mountain  ranges  of  Oregon 
and  California,  has  long  plumes,  ae  in  Fig.  221 ;  and  the 
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California  Quail  has  a  crest  of  lengthened  featliera  whose 
shafts  are  in  the  same  vertical  plane,  and  which  point 
forward. 

sub-9ect10n  viii. 
The  Order  of  Brevipennes  oh  Ostriches. 


.'Very  1 


HESE  are  birds  of  great  size,  with  the  neck  and  legs 
■ery  long,  and  the  wings  rudimentary.  They  cannot  fly, 
but  they  run  with  great  speed.  The  name  Brevipennes  is 
from  the  Latin  hrevis  short,  and  penna,  a  feather  or  wing. 
The  Brevipennes  are  the  Ostriches  of  the  deserts  of 
Africa  and  Asia,  the  Emeus  or  Cassowaries— Ostrich-like 
birds  of  the  Indian  Archipelago  and  of  Australia, — tlie 
Apteryx  of  New  Zealand,  and  various  fossil  forms. 
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Mm  or  DtDomlB  {D,  j^nnMiu),  reatoxed  ;  «ai  tliiee  ladivldiulB  of  the  Apleryi  [A). 

The  African  OBtrich  carries  its  head  about  eight  feet 
high.  ItB  feet  are  two-toed,  and  the  outer  toe  is  destitute 
of  a  nail.  It  is  so  swift  of  foot  that  no  animal  can  ovei^ 
take  it  id  running.  Ita  eggs  weigh  about  three  pounds 
each  I 

The  Booth  American  Ostrich  or  £hea  is  a  much  smaller 
bird,  and  has  three  toes,  each  provided  with  a  nail. 

The  Apteiyx  has  the  wings  so  rudimentary  that  they 
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are  wholly  concealed  by  the  feathers  of  the  body,  and 
appear  to  be  useless  even  as  an  aid  in  running.  Each 
wing  is  terminated  by  a  hooked  claw.  The  bill  of  the 
A^pteryx  is  long  and  slender,  and  the  nostrils  are  at  its  tip. 

Of  the  fossil  forms  of  Brevipennes  or  Ostrich-like  birds, 
the  Moa,  Palapteryx,  Notornisj  and  -^pyornis  may  be 
mentioned  here. 

The  Moa  {Dinomis  gigcmteui)  of  New  Zealand  was 
much  larger  than  any  living  ostrich,  being  twelve  or 
more  feet  in  height.  Its  tibia  was  thirty-two  inches 
long !  And  its  eggs  were  so  large,  that  Mr.  Walter  Man- 
tell,  who  first  found  them,  states  that  his  hat  would  just 
serve  as  an  egg-cup  for  one  of  them  ! 

The  -^pyomis  was  found  in  Madagascar,  and  from  its 
bones  it  is  estimated  to  have  been  twelve  feet  high.  Its 
egg,  also  found  fossil,  is  thirteen  and  a  half  inches  in  its 
longest  diameter  I 


Sub-section  IX. 
The  Order  of  LiMicoLiE  or  Shore  Birds. 

This  order,  and  the  two  following  ones,  namely,  Hero- 
diones  or  Herons,  and  Alectorides  or  Rails,  etc.,  constitute 
the  old  group  Grallatores. 

The  name  Limicolse  comes  from  the  Latin  UmuSy  slime 
or  mud,  and  colerej  to  inhabit.  Many  of  these  birds  fre- 
quent muddy  shores. 

This  order,  as  here  limited,  includes  the  Bustards,  the 
Plovers,  Turnstones,  Stilts,  Phalaropes,  Woodcocks,  Snipe, 
Sandpipers,  Yellow-legs,  Curlews,  etc. 

The  LimicolfiB  have  a  slender  bill,  which,  in  most  cases, 
is  mainly  covered  with  a  ratlier  soft  skin  or  membrane,  and 
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which  is  more  or  less  sensitive  even  to  its  tip.  In  most 
species  the  wings  are  long  and  pointed,  the  legs  long  and 
slender,  the  toes  comparatively  short,  the  anterior  toes  in 
many  species  semipalmate,  and  the  hind  one  short  and 
elevated  or  wholly  wanting. 

The  LimicolsB  generally  lay  four  eggs  in  a  rude  nest  or 
depression  in  the  ground,  and  the  young  are  covered  with 
a  sort  of  down,  and  are  able  to  run  as  soon  as  hatched. 
,-- — The  Bustards,  or  Otididae,  belong  to  the  Eastern  hemi- 
sphere, and  have  a  large  body,  similar  to  that  of  the 
Gallinse,  a  long  neck  and  legs  somewhat  like  those  of 
the  Ostriches,  and  toes  similar  to  those  of  the  Plovers. 
The  Great  Bustard  is  the  largest  bird  of  Europe,  being 
fojiJif eet  in  length. 

Xrhe  Plovers  (Fig.  223),  or  Charadriidse,  have  the  bill 
somewhat  in  the  form  of  a  pigeon's,  a  stout  body,  long 
and  pointed  wings,  and  reticulate  tarsi.  Plovers  vary 
from  six  to  twelve  inches  in  length. 

'^^'Cj^he  Oyster-catchers  and  the  Turnstones  (Fig.  224)  or 
Hsematopodidae,  liave  the  bill  acute  in  one  genera,  trun- 
cate in  another,  and  in  all  cases  hard,  and  the  legs  short 
and  brightly  colored.  Those  with  a  truncate  bill  pry 
open  the  shells  of  bivalve  moUusks  to  eat  the  animal; 
those  with  an  acute  bill  turn  over  pebbles  in  search  of 
food.  The  most  common  species  (Fig.  224)  is  about 
eight  inches  long. 

^"^The  Stilts  and  Avocets,  or  Eecurvirostridae  (Fig.  227), 
have  extremely  long  legs,  webbed  or  semipalmate  feet, 
and  a  long  and  slender  bill  which  is  either  nearly  straight, 
or  recurved.  These  birds  are  from  thirteen  to  eighteen 
inches  in  length.  ) 

The  Snipes,  or  Scolopacidse  (Figs.  225-6),  have  the  bill 
extremely  long,  slender,  grooved,  and  sensitive.     Their 
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Fia.  223. 


/ 


Fig.  22«. 


Golden  Plover,  Charadriut  virgiMieus, 

Borck. 

Fio.  225. 


Tonuitone,  StrepsUat  iwUrprtt, 
niiger. 


Americau  Woodcock,  PkUokda  mtnor.  Oray. 

Fig.  227. 


Fio.  226. 


WUson'a  Snipe,  QaJUinago  WUsonii, 
Bonaparte. 


Black-necked  Stilt,  HamcUopu*  nigrieoUU, 
Vieillot. 
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tarsi,  in  most  cases,  are  scatellate  before  and  behind,  and 
reticulate  on  the  eidee.  Their  extremely  Bensitive  bill 
enables  them  readily  to  find  worms  and  other  small 
animals,  by  probing  in  the  sand  and  mud.     The  young 

"  e  to  run  as  soon  as  hatchedJJ 
!^The'WoodcoekB(Fig.  225),  and  true  Snipe  (Fig.  226), 
are  from  nine  to   twelve 
inches  in  length,  and  have 
the  bill  perfectly  straight. 

The  Godwits  (Fig.  229), 
ire  sixteen  or  more  inches 
in  length,  and  have  the  bill 
slightly  curved  npward. 

The  Sandpipers  vary  from 
six  inches  to  afoot  or  more 
in  length,  and  have  ttie 
bill  relatively  short.  They 
are  abundant  on  all  shores.  The  little  semipalmated 
Sandpiper  or  Peep 
(Ereunetea  punillus^ 
is  a  well-known  rep- 
resentative of  this  di- 
vision. 

The    Tattlers    are 

noisy     birds,     which 

have    a  rather   long 

bill,   long   body,  the 

toes  with  a  basal  web, 

__  and  the  hind  toe  al- 

•>  ways  present.      The 

Tellow-legs  (see  Fig. 

«  ,,  ,^,  -.  ,       r,    n  A  228)  is  a  well-known 

example. 
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Tlie  Curlews  (Fig.  230)   vary  from  twelve  to  twenty- 
fonr  ineliea  in  lengtli,  and  are  at  once  distingiiislied  by 


their  extremely  long  and  downward  curved  bill,  which  in 
the  species  here  figured  (Fig.  230)  sometimes  attains  the 
length  of  nine  inches  t  *■ 

Sdb-section  X. 

The  Ordeb  of  Hebodiones  ob  Hebons,  kto. 

The  Grallatorea  of  this  order  have  the  bill,  neck,  and 
legs  extremely  long,  and  the  body,  in  most  cases,  much 
compressed.  The  toes  are  four  in  number,  and  are  long 
and  slender. 

^The  Herodiones  readily  perch  on  trees,  and  there  they 
bltild  their  nests.  The  young  hatch  in  a  feeble  condition, 
and  are  fed  for  a  long  time  in  the  nest.  They  feed  upon 
fish,  frogs,  etc.,  which  they  pierce  with  their  sharp- 
pointed  billA 
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Fin.  Ml. 


Thi6  group  includes  Herons,  Storks,  Ibises,  Spoon- 
bills, etc. 
The  true  Herons  or  Ardeidte,  have  the  bill  extending 
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BttWm  or  SUke-d  rivet,  Botaunu  kwvina 


Wood  Ibis,  Taulalm  tocvlaiar,  Linn. 

back  to  the  eyes,  wings  broad,  tail  short,  middle  claw 
pectinate,  the  plumage  loose,  and  "  powder-down  "  tracts 
present  in   two  or  more  pairs.     Here  belong  the  Great 
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Blue  Heron  (Fig.  231),  forty-two  inches  long,  the  Night 
Heron,  the  Bittern  (Fig.  232),  etc. 

The  Ibises  or  TantalidsB  have  the  bill  ronnded  and 
much  decurved,  and  the  toes  have  a  basal  web.  The 
Wood  Ibis  of  the  Southern  States  is  forty -five  inches  long. 

The  Spoonbills  or  PlataleidsB  are  large  grallatores  whose 
bill  is  completely  flattened  and  very  broad,  and  widening 
at  the  rounded  tip.  Our  only  species  is  the  Rosy  Spoon- 
bill of  the  Southern  States. 


Sub-section  XI. 

The  Order  of  Alectorides  or  Rails,  etc. 

The  Cranes  and  Rails  are  included  in  this  group,  ac- 
cording to  the  later  views  in  ornithology,  although  the 
Cranes  have  a  marked  resemblance  to  the  Herons.  The 
name  Alectorides  is  probably  from  the  Greek  aZectiyr^  a 
Qock,  and  eidos^  form,  alluding  to  a  fancied  resemblance.. 
"^  The  Graag?  or  Gruidse  greatly  excel  even  the  Herons 
in  height.  The  Whooping  Crane  {Grua  americanus)^  and 
the  Sandhill  Crane  {G.  ccmadensis)  are  our  only  species. 

The  Rails  or  RallidsB  have  a 
compressed  body,  rather  short 
bill,  very  short  concave  wings, 
a  tumed-up  tail,  largelegs,  and 
exceedingly  long  toes,  which 
enable  them  to  run  over  soft 
ground,  and  even  on  the  sur- 
face of  broad  floating  leaves 
like  those  of  water-lilies  and 
other  aquatic  plants. 
Rails  are  mostly  of  small  size,  varying  from  five  or  six 


Fig.  234. 


^^6.-"^ 


J- 


Common  Bail,  PorsarM  Carolina,  Vieil- 
lot. 
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inches  to  eight  inches  in  length.     The  Clapper  Rail  or 
Marsh  Hen,  however,  is  sixteen  inches  longl 

In  the  fatnilj  of  the  Eallidse  are  also  included  the 
Coots,  which  have  the  bill  extending  into  the  feathers  of 
the  forehead,  where  it  forms  a  wide  plate,  and  which  have 
the  toes  margined  with  semicircular  lobes.  Here  also 
belong  the  Q-allinules  (Fig.  235),  which  have  enormous 
feet,  but  no  lobes  on  the  toes. 

Fio.  236. 


Purple  Oallinale,  GaUinula  martinica,  Latliam. 

Sub-section  XII. 

Obdeb  of  Lamellibostbes  OB  Geese,  Ducks,  etc. 

/This  group,  and  the  four  following — namely,  the  Ste- 
gknopodes,  Longipennes,  Pygopodes,  and  Sphenici — con- 
stitute the  great  group  of  Swimming  Birds  or  Natatores. 

The  Natatores  are  birds  which,  by  their  whole  struc- 
ture, are  specially  fitted  for  living  in  the  water.  They  are 
broad,  depressed,  and  flattened  below ;  their  plumage  is 
compact,  and  kept  well  oiled ;  the  legs  are  widely  sepa- 
rated, and  the  femur  is  short,  bringing  the  knee  within 
the  general  skin  of  the  body ;  and  the  feet  are  webbed.; 

The  natatores  which  compose  the  group  of  Lamelliros- 
tres  have  both  mandibles  furnished  along  their  edges  with 
lamelloB  or  plates,  which  appear  like  teeth-like  projections. 
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The  name  comes  from  the  Latin  lanuUa,  a  plate,  and 
TtMr^im,  a  beak. 

"Tn  tliJB  gronp  or  order  belong  the  Flamingoes,  Geese, 
Swans,  and  Ducks. 

The  Flamingoes  are  at  once  distingnished  by  their 
exceedingly  long  neck  and  long  legs — by  which  they  seem 
related  to  the  Ilerons — and  their  very  large  bill  which  is 
abmptly  bent  downward  in  the  middle.  They  are  fonnd 
on  the  Gulf  of  Mexico,  and  are  aboat  four  feet  long. 

Tlie  Swans,  Geese,  and  Dncks,  or  Anatjijie.  have  the 
bill  elevated  and  compressed  at  the  base,  and  covered 
with  a  leather-like  membrane,  excepting  the  end,  which  is 
covered  with  a  hard  homy  portion  called  the  nail.  The 
Swans  have  a  portion  of  bare  skin  between  the  eye  and 
the  bill ;  and  are  very  large,  having  a  length  of  four  feet- 

The  Geeee  have  uo  bare  skin  between  the  eye  and  the  bill 


The  River  Dncks,  as  the  Mallards,  Black  Dock,  Pin- 
tail,   Gadwalls,    Widgeon,   Teal,    Shoveler,   and    Wood 
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Duck,  have  the  tarsi  Bcutellate,  and  the  bind  toe  sim- 
ple. 

The  Sea  Ducka  have  the  hind  toe  lobate,  that  ib,  fur- 
nished with  a  large  membranous  appendage,  and  their 


feet  are  very  large,  tarsi  very  short,  and  the  webs  o£  the 
feet  very  hroad.  The  Red-head,  Canvas-back,  Golden- 
eye,  Harlequin,  Eider,  etc.,  are  well-known  examples. 

The  Mergansers  are  fishing  ducks  which  are  at  once 
distinguished  from  all  others  by  their  cylindrical  bill,  and 
their  prominent  teeth-like  lamellae,  which  point  back- 
ward.    They  pursue  and  capture  fish  under  water. 

Sub-section  XIII. 

ThR    OkDER  of   StEOANOPODES   OE  ToTtPALMAlB    BiBDS. 

^HE  name  Steganopodes  comes  from  the  Greek  word 
steganos,  covered,  &nA.  pons,  podos,  the  foot,  and  is  applied 
to  Gannets,  Pelicans,  Cormorants,  Snake-birds,  Man-of-war 
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Birds,  etc.,  all  of  which  have  the  feet  totipalmate,  that  is, 
fDmished  with  three  foil  webs.  In  all  these  the  hind  toe 
is  low  down  and  more  or  lees  tnnied  to  one  side,  and  is 


connected  with  the  inner  toe  hy  a  complete  web.  The 
birds  of  this  order  are  hatched  in  a  feeble  condition,  and 
require  feeding  by  the  parents. 
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The  Gannets  or  Sulidse  are  sea-birds  which  are  goose- 
like in  their  appearance,  and  which  are  remarkable  for 
obtaining  their  prey — consisting  of  fishes — by  plunging 
into  the  water  from  a  considerable  height. 
—4- The  Pelicans  or  Pelicanidse  are  very  large  birds,  re- 
markable for  their  enormously  long  and  large  bill,  which 
is  a  foot  or  more  in  length,  and  for  their  enormous  gular 
pouch,  which  in  some  species  will  hold  a  gallon !  The 
gular  pouch  is  used  by  the  bird  as  a  fish-net  to  scoop  up 
•  fish  with. 

The  Cormorants  or  GraculidsB  have  a  very  long  bill, 
strongly  hooked  at  the  end,  green  eyes,  long  neck,  com- 
pact body,  and  legs  set  far  back.  They  swim  under  water 
in  pursuit  of  fishes,  upon  which  they  feed. 

The  Snake-birds  or  Anhingas  or  Plotidse  have  a  long 
slender  bill,  an  exceedingly  long  and  slender  neck,  and  a 
rather  slender  body.  A  single  species  about  three  feet 
long  is  common  in  the  Southern  States. 

The  Frigate  or  Man-of-war  Birds  or  Tachypetidse  are  sea- 
birds  remarkable  for  their  long  bill,  exceedingly  long  and 
pointed  wings,  long  and  forked  tail,  small  feet,  and  for 
their  wonderful  power  of  flight.  They  are  about  three 
feet  long,  and  have  an  extent  of  wings  about  eight  feet. 


Sub-section  XIV. 

The  Order  of  Longipennes  or  Long-winged 

Swimmers. 

Gulls,  Terns,  Albatrosses,  Petrels,  etc.,  are  the  birds 
which  constitute  the  order  of  Longipennes  or  Long-winged 
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birds,  as  the  name  indicates.  All  these  have  the  wings  long 
and  pointed,  the  body  well  balanced  upon  the  legs,  the 
anterior  toes  webbed,  and  the  bill  furnished  with  a  heavy 
covering;  and  the  bill  is  never  lamellate,  as  in  the  geese 
and  ducks. 

Fia.t39. 


HBTciog  Oull,  Larut  argenlatut,  Linn. 

Those  longipennea  whose  nostrils  are  not  tubular  are 
called  Gulls  and  Terns,  and  constitute  the  family  of  Lari- 
dsB ;  those  with  tubular  nostrils  are  the  Albatrosses  and 
Petrels,  and  constitute  the  family  of  ProcellaridEe. 

Some  kinds  of  gulls  have  the  bill  provided  with  a 
homy  cere,  beneath  the  edges  of  which  the  nostrils  open  ; 
and  they  have  the  tail  nearly  square.  These  are  the  Skua 
Gulls  or  JaiJgers,  which  are  rapacious  in  their  habits. 
They  belong  mainly  to  the  northern  regions. 
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The  ordinary  Qnlls  {Larus,  etc.)  have  the  bill  wholly 
homy,  compressed,  and  the  upper  mandible  longer  than 
the  lower,  and  its  tip  more  or  less  bent  downward.  The 
ordinary  Guile  are  mainly  white  with  a  darker^wlored 
mantle.  They  vary  from  twelve  to  thirty  inches  in  length. 
They  feed  upon  Ushes  and  upon  all  other  kinds  of  animal 
food  which  they  can  eecnre,  and  they  pick  np  all  kinds  of 
food  which  they  find  floating  upon  the  water. 
_-f-^he  Terns  have  the  bill  rather  long,  slender,  and  scute, 
the^andibles  of  nearly  equal  length,  the  wings  extremely 
long  and  pointed,  the  tail  generally  forked,  and  the  feet 
very    small.       They  are  much  ficmo, 

more  beautiful  in  their  form 
and  more  graceful  in  their  move- 
ments than  the  Gulls,  and  they 
are  often  called  Sea-Swallows. 
They  feed  upon  fish,  which  tliey 
dart  down  upon  in  the  water, 
and  upon  insects,  which  they 
capture  on  the  wing.  Most  spe- 
cies of  Terns  are  white,  often  of 
a  rosy  hue  below,  with  a  black 
cap  on  the  head,  and  with  a 
pearly-colored  mantle.  Terns 
vary  from  eight  to  twenty  inches  aoM»te  Tem.  a 
or  more  in  length.  ^^"^ 

The  Albatrosses  and  the  Petrels  have  the  bill  rather 
long,  compressed,  and  deeply  grooved,  and  appearing 
as  if  formed  of  several  distinct  parts ;  and  the  nostrils 
opening  from  distinct  tubes,  as  already  stated. 

The  Albatrosses  (Dwmedea)  have  the  nostrils  placed 
near  tlie  base  of  the  bill,  one  nostril  on  each  side,  and 
they  have  no  hind  toe.     They  inhabit  the  shores  and 
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islands  of  the  Pacific,  and  are  the  largest  of  swimming 
g^  na.  birds,  being  bulky,  and  hav- 

ing a  length  of  forty  inclies 
or  more. 

y^The  Petrels  are  at  once 
malipgDished  bj  their  noa- 
trile,  which  are  in  the  form 
of  a  double  tube  placed  on 
the  top  of  the  bill  at  its 
base.  Petrels  vary  in  size, 
from  the  little  Stormy  Pet- 

FMrel,  Tka/liuiadnma  Leachii,  Temmnlcli.        ,  „  -.i-      ,  ^ 

rela  or  "  Mother  Carey's 
chickens,"  which  are  only  about  six  inches  long — the 
smallest  of  swimming  birds — to  the  gigantic  Fulmars, 
which  are  about  as  hii^  as  the  Albatrosses^ 


PYGOPODES  OE  DIVBB8. 

Sub-section   XV. 
The  Okdeb  op  Ptqopodes  ok  Divebs. 


The  Pjgopodea  are  natatorial  birds  which  are  more  per- 
fectly adapted  for  s  strictly  aquatic  life  than  any  of  the 
gronps  which  we  have  already  described.  They  ewim  and 
dive  with  the  greatest  ease.  And  they  move  nnder  water 
apparently  with  as  great  ease  as  upon  the  surface  ;  and  in 
moving  beneath  the  snrface  of  the  water  they  use  the 
wingsas  well  as  the  feet, 
''  Tiie^Pygopodes  are  the  Loons,  Grebes,  Auts,  etc.,  birds 
which  have  the  feet  placed  very  far  back  ;  and  hence  the 
name  of  the  order,  from  the  Greek  words ^>«^e,  rnmp,  and 
poug,  podoa,  a  foot.  The  legs  of  these  birds  are  placed  so 
far  back  that  they  are  obliged  to  stand  nearly  upright 
when  on  the  ground,  and  they  walk  with  great  difficulty. 

The  Loons  or  Colymbidte  have  the  bill  stout,  long, 


GrMt  Mortlietn  Direr,  or  Loon.  Colj/miai  tonpialia,  Brfluaiizta. 

straight,  and  pointed  ;  and  the  nostrils  linear,  with  their 
upper  edge  lobed.    The  common  Loon  or  Great  Northern 
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Diver  is  thirtj^ono  inches  long,  and  its  colors  are  black 
.white. 

The  Grebes  are  very  peculiar-looking   birds,  which 
have  the  bill  rather  long,  slender,  and  pointed,  t)ie  nos- 
Fio  tu  *"'*  '**'*  'obed,  the  wiags  very  short, 

tlie  tail  only  a  tuft  of  downy  feathers, 
and  the  plumage  of  the  under  parts 
white  and  very  silky  in  appearance, 
and  the  feet  only  partially  webbed, 
and  the  toes  and  claws  flat.    In  the 
breeding  season  the  head  in  most  spe- 
cies is  ornamented  with  tufts  of  feath- 
ers.      When    alarmed   they  quietly 
sink  in  the  water,  and  there  remain, 
exposing  only  the  bill.     They  vary 
from  twelve  to  thirty  inches  in  length. 
The   Auke  or  Alcidffi  are  pygopo- 
cre-ted  orebe.  /Mi^   ^ouB  birds  which  havc  the  bill  genei- 
criiMm,  i*tii»m.        ally  pointed,  compressed,  and  in  many 
cases  modified  by  ridges,  furrows,  and  processes,  which 
give  it  a  very  odd  appearance.     They  are  ratlier  stont- 
bodied  birds  j  and  their  wings,  tail,  and  toes  are  very  sliort. 
j^  j^  All  the  species  of  the  Alcidse 

belong  to  the  northern  regions ; 
some  species  come  far  south- 
ward in  winter.  They  are 
known  as  Auks,  Puffins,  Guille- 
mots or  Murres,  according  to  the 
kind.  They  vary  from  seven  to 
thirty  inches  in  length. 

The  Gj^atjijik  {Alca  ivipen- 

nis)  is  thirty  inches  long,  and  the 

pniBn.  Mormm  arcnea,  loigigtt.    wing  Only  five  and  a  half  inches. 


8PHEKICI  OB  PENGUINS. 


It  ia  extremely  rare,  and  is  believed  to  be  on  the  point  of 
extinctioa.  The  Kazor-billed  Ank  is  found  in  winter  as 
far  eontli  as  New  Jersey. 


Sub-section  XVI. 
The  Ohder  op  Sphenici  oe  Penguins. 

Thebe  are  natatorial  birds  which  cannot  fly,  the  wiag^ 
being  hardly  more  than  mere  flippers  or  paddles,  covered 
with  scale-like  feathers;  and  their  bones  are  solid  and 
lieavy.     They  swim  with  great   facility,  and  nse   their 
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wingH  u  wi^U  as  their  feet  in  locomotion  nnderwater. 
PeogniDs  sre  confined  to  the  cold  redone  of  the  Sooth- 
ern  hemiephere,  and  raretj  go  on  shore  except   to  \xj 


ureal  l^ugulD,  ApTfKi^itft  paiagovca^  Liiiucm- 

their  ^^    Some  species  do  not  Isy  their  e^  in  a  nest, 
but  cany  it  about  in  a  sort  of  pouch  on  the  abdomen ! 

The  Great  Pengnin  is  as  large  as  a  goose,  and  of  a  slate 
color  above,  white  below,  with  a  large  black  patch  in 
front,  sniTonnded  by  a  yellow  band. 
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The  name  of  this  group — Splienici — is  probably  from 
the  Greek  sphen  a  wedge,  and  has  reference,  probably, 
either  to  the  shape  of  the  bill  or  that  of  the  body,  or 
both. 

Fossil  remains  of  birds  are  found  in  the  rocks  as  low 
down  as  the  Jurassic,  inclusive ;  and  if  the  so-called 
*' Bird-tracks,"  in  the  sandstone  of  the  Connecticut 
Valley,  are  really  those  of  birds,  then  we  may  say  as  low 
down  as  the  Triassic.  Both  bones  and  feathers  of  birds 
have  been  found  fossil  in  the  Jurassic  rocks  at  Solenhofen, 
Bavaria;  and  the  bird  represented  by  these  remains  has 
been  named  the  Long-tailed  Ancient-Bird  {Archceopteryx 
macrurd).  This  bird  had  well-developed  nonanchylosed 
metacarpal  bones,  and  a  tail  of  twenty  vertebrae,  with  a 
row  of  feathers  along  each  side — a  pair  to  each  vertebra. 
The  total  length  of  this  bird  was  about  two  feet.  It  be- 
longs to  the  order  of  Saururse. 

A  large  number  of  species  of  fossil  birds  have  been  de- 
scribed by  Marsh  and  Cope  from  the  Cretaceous  and 
Tertiary  rocks  of  the  United  States.  These  birds  repre- 
sent the  Picarise,  l^ptores,  Gallinse,  Grallatores,  and 
Natatores.  (See  Professor  Marsh's  "Synopsis,"  etc.,  in 
Dr.  Coues'  "  Key.") 

For  aid  in  the  study  of  North  American  Birds  the  student  is  referred 
(     to  the  **  K&y  to  North  American  Birds  "  by  Elliott  Coues ;  and  to  "  A 
History  of  North  American  Birds  "  by  S.  F.  Baird,  T.  M.  Brewer,  and 
R.  Ridgway.  i 


212  TOncflL 


Pkotcipal  Topics  oogsiPwug>  nr  Chaftkr  H,  Smcncm  UL 

SUB-SmCTiOlf  I. 


The Bifte eowidcred  asaClMii. Their  gnenl  ciMnctericticp, their 

porte,  ffkdetoo,  tetefwri  ttntUut,  tU^—W^gk. ^Neete. Lu^tiHj. 

eetioB. 

Ikih-eectiow  IL,IIL,IV.,  V.,  VL,  VIL,  VOL,  IX.,  X.,  XL,  XIL,  XIIL,  XIV^  XV., 
ead  X VL,  tieet  feipeetiTely  of  the  FMieiee  or  Song-BMs,  etc..  the  Picwiae  or 
Woodpeeken,  etc.,  the  PMtteci  or  IteTOte.  etc^  the  Baploiw  oi  Bfadi  of  Frej.  the 
ColUBlHe  or  Pigeone,  the  JlelliMr  or  Pheeient*,  etc,  the  fhewipeiice  or  OMiichcK, 
etc.,  the  liraieoloK  or  Shore  BinU,  the  Herodiooes  or  Herons,  etc.  the  Alectoridcs 
or  Rfllle,  etc,  the  LeeiriMnwtiee  or  DociDi,  etc,  the  Stegaaopodes  or  GaaactB.  etc, 
the  Looaipemee  or  GuJle  ead  Petiela,  the  Pjgopodes  or  Diren,  etc.  and  the  SphcB- 
Ica  or  Pengalaa. 


SECTION  IV. 

THE  CLASS  OF  REPTILIA  OR  REPTILES. 

sub-seotion  l 
The  Reptilia  Considered  as  a  Class. 

True  Eeptiles  include  all  cold-blooded  oviparous  verte- 
brates which  are  covered  with  scales,  or  with  bony  plates, 
or  both,  and  which  lay  their  eggs  upon  the  land,  and 
whose  young  as  soon  as  hatched  closely  resemble  their 
parents. 

Most  kinds  of  reptiles  swallow  their  prey  whole,  and 
the  digestion  of  all  is  sluggish.  Their  oesophagus,  and 
muscular  stomach,  are  generally  more  or  less  similar  to 
those  of  Birds. 

Their  blood  has  comparatively  few  globules,  and  the 
globules  are  large  and  elliptical  in  form. 

The  circulatory  apparatus  varies  widely  from  that  of 
Birds  and  Mammals ;  the  heart,  in  most  cases,  having  two 
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Pmhootuaj  MTtetj. *.«_^^^3iBSS^3fc**^  FahooiMfy  •itety. 


Bigjuuriele.., 


TeaacsfS 

Left  ardi  of  aoctft. 

Riglitaoru 


B^CiBin  Heart— Turtle. 

anricles  and  only  one  Tentricle.    Crocodilians,  howeTer, 
have  two  anricles  and  two  ventricles. 

Therefore  the  impure  or  venoiu  blood  which  comes  from  the  Tuioiu 
part*  of  the  bodj  into  the  right  auricle,  and  the  arterial  or  pure 
blood  which  comes  from  the  longs  into  the  left  auricle,  are  both 
poured  into  the  one  Tentricle,  and  thus  mixed  together.  At  each  con- 
traction of  this  Tentricle  a  part  of  this  blood  is  sent  to  the  lungs  to  be 
purified,  and  the  remainder  goes  into  the  drcnlation  without  haTing 
been  subjected  to  the  influence  of  respiration. 

Thns  the  blood  of  Reptiles  is  never  completely  oxygen- 
ated ;  to  a  certain  extent  it  is  always  impure,  and  hence 
their  temperature  is  correspondingly  low,  and  their  liabits 
are  generally  slnggish.  In  warm  climates,  however,  some 
kinds — as  Lizards — are  very  active. 

Reptiles  breathe  by  means  of  lungs ;  but,  as  might  be 
inferred  from  the  &cts  already  stated,  their  respiration  is 
not  active ;  they  consume  comparatively  little  oxygen,  and 
can  remain  alive  a  long  time  beneath  the  surface  of  the 
water.  The  cells  of  the  lungs  are  larger  and  less  numer- 
ous than  in  the  higher  animals.  Reptiles  have  no  dia- 
phragm, and  there  is  no  separation  of  the  cavity  of  the 
chest  from  that  of  the  abdomen. 
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As  in  Birds,  the  Reptiles  have  the  lower  jaw  connected 
with  the  skull  by  means  of  a  quadrate  bone  (Fig.  163) ;  and, 
as  in  Birds  also,  the  skull  is  connected  with  the  first  ver- 
tebra of  the  neck  by  means  of  only  one  occipital  condyle. 

The  motatory  apparatus  of  Reptiles — that  is,  tlie  skele- 
ton, muscles,  tendons,  etc. — corresponds  in  its  plan  of 
structure  to  that  of  the  higher  vertebrates.  The  skeleton, 
though  app^ently  so  different  from  that  of  Mammals  and 
Birds,  nevertheless  contains  the  same  elements  of  struc- 
ture as  are  found  in  these  two  classes.  Compare  Fig.  249 
with  Figs.  24  and  162.  ' 

As  to  the  nervous  system  of  Reptiles,  it  may  be  stated 
that  the  brain  is  small,  and  without  convolutions,  and  the 
hemispheres  are  hollow.  In  comparison  to  the  brain  the 
spinal  cord  is  large. 

The  brain  of  a  Sea-Tortoise  weighs  only  -rh^  of  the  entire  animal. 
In  several  small  birds  and  quadrupeds,  the  brain  exceeds  ^  of  the 
weight  of  the  body. 

Reptiles  continue  to  live  and  exhibit  movements  long 
after  losing  the  brain,  and  even  after  the  head  is  cut  oft*. 
The  muscles  preserve  their  irritability  for  a  considerable 
time  after  being  severed  from  the  body;  and  even  the 
heart  pulsates  for  hours  after  it  is  removed,  nor  does  its 
loss  prevent  the  animal  from  moving  about. 

The  eyes  of  Reptiles  resemble  those  of  Birds.  Some 
have  three  eyelids ;  others,  as  serpents,  have  none,  and 
hence  their  fixed  and  staring  look. 

The  hearing  apparatus  is  far  less  complete  than  that  of 
P  Birds  and  Mammals.     The  external  ear  is  wanting ;  there 

is  no  auditory  canal ;  the  drum  of  the  ear  is  on  a  level 
with  the  surface  of  the  head :  the  tympanic  cavity  is  im- 
perfectly formed ;  the  bones  of  the  ear  are  in  most  cases 
absent ;  and  the  cochlea  is  often  only  rudimentary. 
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The  organs  of  smell  are  but  little  developed.  Tlie 
tongne  is  generally  thin  and  dry,  though  sometimes  fleshy. 
Their  sense  of  touch  is  feeble. 

Including  both  living  and  fossil  species,  the  true  Reptiles 
comprise  the  following  groups,  which  for  our  present  pur- 
poses may  be  regarded  as  Orders :  * 

1.  CheloKIA  or  Testudinata,  or  reptiles  with  a  shell  and  with  a 
horny  beak  instead  of  teeth  ;  as  Tartles. 

i.  DnsroSATTRIA,  huge  fossil  reptiles  with  bird-like, 
and  mammalian  characteristics ;  as  Megalosau- 
rus,  HyloBosauruSf  Iguanodon,  HadrosauruSt  etc. 

^  3.  OrOCODILIA,  large  living  reptiles/with  a  cuirass 
of  bony  plates,  large  conical  teeth  in  sockets, 
vertebrae  concave  in  front,  and  convex  behind ; 
sacrum  generally  with  two  vertebrae,  and  a  heart 
with  four  cavities  ;  as  Crocodiles,  Alligators,  and 
the  fossil  Tdomurus,  etc 

J^  4.  LaOERTIA,  reptiles   with  scales,  with  the  teeth  .  a»^^^y. 
not  in  sockets,  and  the  heart  with  only  tliree  ' 
cavities;  as  Lizards,  fossil  Thecodonts,  etc. 

^f^  EnaliosaurIA,  huge  fossil  saurians  furnished 
^^  with  paddles  for  swimming,  with  biconcave  verte- 
brae, and  with  large  teeth  set  in  a  groove ;  as  the 
Ichthyosau'nis,  Plmosaurus,  etc.  The  Mososaurus 
was  also  an  Enaliosaur,  but  with  teeth  in  pock- 
y        ets,  and  the  body  was  covered  with  bony  plates.  / 

Jd^v^IEROSAURIA,  or  fossil  reptiles  organized  for 
flight ;  as  Pterodctctyls, 

7.  OpHIDIA,  reptiles  with  no  legs,  and  with  no  sternum,  and  no 
eyelids,  and  no  external  ear ;  as  Snakes. 


X 


*  The  Reptiles  are  often  considered  as  comprising  only  three  Orders, 
thus: 

1.  Chblonia  or  Testudinata. 

2.  Sauria  (including  Dinosauria,  CrocodUia,  Lacertia,  Enaliosauria,  and 
Pterosauria). 

8.  Ophidia. 


CHELOiriA  OE  TUBTLES. 
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Sub-section  II. 

The  Obder  of  Chelonia  ob  Testudinata  or  Tubtles. 

The  Chelonia  are  reptiles  which  have  a  shield  or  shell 
upon  the  back,  called  the  ca/rajpace^  which  is  connected  by 
bridges   to   another    shield 
below,  called  the  jplasi/rony 
the  whole  forming  a  hard    «> 
covering  for  the  soft  organs 
of    the    bodv.      This  hard  p* 
covering  is  formed  of  the   rw 
greatly  expanded  ribs  and    ^ 
sternum,  together  with   os-    ^ 
sified   skin,  and  is  covered 
with    horny    scales.      The 
head,  neck,  and  tail  are  the    ^ 
only  movable  parts  of  the^ 
spinal  column.     The  jaws  mt 
are  covered  with  a  homy   p* 
substance,  and  are  destitute 
of  true  teeth ;  the  tongue  is 
short,    thick,    and    covered 
with  fleshy  filaments;   the 
nostrils    are    anterior,   and  ">» ;  ^^  scapula ;  a,  ciavicie ;  <»,  coracoid 

,         ,,,  J  -  V  bone;  rft?,  dorsal  vertcbne;  p,  pelvis;  /, 

near  together;   and  the  eyes    femur;  tf,  tiWa  and  flbnla;  U,  tarsus; 

have  three  lids.  "**•  metatarsus;  iM,  phalanges. 

The  Turtles  may  be  divided  in  two  Sub-orders — the 
Amyd^,  including  all  such  as  have  feet  instead  of  paddles, 
as  the  Land  and  Fresh-water  Turtles,  as  the  Gophers, 
Wood  Tortoises  (Fig.  251),  Terrapins,  Box  Turtles  (Fig. 

10 


Skeleton  of  a  Turtle,  plastron  removed. 

cVy  cervical  vertebrae ;  ph^  phalanges  ; 
c,  carpus ;  rUy  radius  and  ulna ;  A,  hnme- 
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250),  Mud  Turtles,  Snapping  Turtles  (Fig.  252),  etc. ;  and 
the  CuELoNiA  or  Sea  Turtles  (Fig.  253),  which  are  fur- 
nished with  paddles  instead  of  feet. 


Wood  TortolFB,  Glyptany  istcidpla,  Agiubc 


Snipping  Turtle,  Ch^ydra  itrpinllna,  Si 
Fie.  SU. 


Hawk-bltl  Turtle,  or  Tortolte-Bhell  Tnrtle,  BrettaaAay  btOrtaOa,  IHtz. 

The  true  Land  Turtles  or  Testndinidse  have  the  shell 

bigh  and  arched,  and  the  legs  and  feet  so  lengthened  and 
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arranged  that  the  body  is  raised  free  from  the  ground. 
The  Gopher  of  the  Southern  States,  a  turtle  a  foot  arid  a 
half  in  length,  is  a  member  of  this  family.  This  turtle 
burrows  in  the  ground,  digging  holes  five  or  six  feet  deep. 

As  additional  examples  of  true  land  turtles,  we  may 
mention  the  little  European  Land  Tortoise,  the  only  tur- 
tle in  Europe;  and  the  celebrated^ Galapago  Tortoise,  of 
the  Galapagos  Islands. 

The  Terrapins  and  their  allies  or  Emydoidse  constitute 
by  far  the  largest  family  of  turtles.  Most  of  the  mem- 
bers inhabit  bogs,  marshes,  still  streams,  and  ponds. 
Some,  however,  as  the  Box  Turtles,  live  upon  the  land; 
nearly  all  are  perfectly  harmless.  Their  food  is  both 
vegetable  and  animal.  Their  eggs  are  more  or  less  elon- 
gated, and  covered  with  a  shell  which  is  in  most  cases 
flexible.  The  Eed-bellied  Terrapin,  Salt-water  Terrapin, 
Painted  Turtle,  Speckled  Tortoise,  Wood  Tortoise,  etc., 
are  members  of  this  family. 

The  Mud-turtles  or  Cinosternoidse  are  of  smaller  size 
than  other  turtles,  and  are  relatively  long  and  narrow; 
and  some  species  emit  a  musky  odor. 

The  Snapping  Turtles  or  Chelydroidae  have  the  body 
high  in  front,  low  behind,  head  large,  neck  large  and  long, 
both  jaws  strongly  hooked,  the  tail  long  and  powerful, 
and  the  sternum  small.  They  arc  aquatic,  but  are  fre- 
quently found  upon  the  land  near  the  water.  They  are 
exceedingly  powerful.  When  molested,  they  raise  them- 
selves upon  their  legs  and  tail,  open  wide  the  mouth,  and, 
forcibly  throwing  the  body  forward,  snap  the  jaws  upon 
the  assailant  with  fearful  power. 

An  additional  family  of  fresh-water  turtles  are  those 
which  have  soft  shells ;  that  is,  the  shell  is  not  completely 
ossified,  and  is  'therefore  more  or  less  flexible.     These 
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turtles  are  called  the  Trionychidae,  because  they  have  only 
three  nails  to  each  foot.  The  bod^  is  very  flat,  the  neck 
and  head  long,  and  the  latter  is  terminated  by  a  long 
leathery  snout. 

The  Sea  Turtles,  as  already  stated,  are  furnished  with 
flippers  instead  of  feet.  The  Green  Turtles,  the  Hawk- 
bill  or  Tortoise-shell  Turtle  (Fig.  253),  and  the  Logger- 
heads are  all  of  enormous  size — ^weighing  from  two  hun- 
dred to  five  hundred  pounds  or  more — and  are  included 
in  one  family,  the  Chelonioidaa. 

There  is  another  family  of  sea-turtles  called  the  Sphar- 

gididae  or  Leather-back  Turtles,  whose  general  form  is 

something  like  that  of  a  flattened  pyramid,  and  whose 

body  is  covered  with  a  thick  coriaceous  skin  instead  of  a 

hard  shell.    They  inhabit  the  Atlantic  and  Mediterranean, 

and  are  the  largest  of  all  turtles,  attaining  a  weight  of 

twelve  hundred  to  two  thousand  pounds ! 

/Fossil  turtles  are  found  in  the  rocks  as  old  as  the  Juras- 

liic.     One  species  found  in  the  Tertiary  rocks  of  In^ia  had 

/a  shell  twelve  feet  in  length,  and  had  a  total  length  of 

'  twenty  feet !    According  to  Cope,  a  species  {AUoMocJidys 

gigas)  found  in  Kansas  had  a  breadth,  between  the  tips 

of  its  extended  flippers,  of  fifteen  feet  1 


Sub-section  III.       _,  ^ 

The  Order  op  Dinosauria  or  Dii^"08aurs. 

Under  the  general  name  of  Sauria  are  included  all  the 
reptiles  except  the  Turtles  and  Serpents.  It  maybe  stated 
in  general  terms,  that  the  Saurians  have  a  long  body  and 
a  long  tail,  generally  four  legs — although  in  some  cases 
only  two,  or  none — the  eyes  in  most  cases  furnished  with 
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lids,  and  the  ear  with  an  external  opening.  The  Saurians 
as  here  defined  include  the  huge  fossil  Dinosaurs,  the 
Crocodiles,  etc.,  the  Lizards,  the  fossil  Ichthyosaurs,  etc., 
the  Pterodactyls,  etc.  The  name  Sauria  comes  from  the 
Greek  sauros^  a  lizard. 

But  the  differences  exhibited  by  these  various  forms  of 
saurians  lead  zoologists  to  recognize  them  as  representa- 
tives of  distinct  orders;  and  they  are  accordingly  so 
treated  in  this  book. 

The  Dinosaurs  are  an  order  of  reptiles  which  we  know 
only  by  their  fossil  remains.  They  are  of  gigantic  size, 
and  they  combine  in  their  structure  reptilian,  bird-like, 
and  mammalian  characteristics.  The  name  is  derived  f ro!n 
the  Greek  deinos^  terrible,  and  sauros^  a  lizard.  Their 
cervical  vertebrae  are  convex  before  and  concave  behind, 
as  in  mammals;  their  sacrum  consists  of  four  or  five  ver- 
tebrsB,  as  in  mammals  ;  the  long  bones  have  a  medullary 
cavity ;  and  the  hind  feet  are  more  or  less  bird-like.  And 
these  animals  often  walked  on  their  hind  feet,  as  if 
bipeds. 

To  this  order  belong  the  Iguanodon,  an  herbivorous 
dinosaur  of  the  Jurassic  period,  an  animal  of  vast  bulk, 
and  having  a  length  of  twenty  to  forty  feet  or  more. 
Here  also  belong  the  Hadrosaurua^  HyUBBaurus^  and  the 
MegaZoaaurus ;  the  last  a  gigantic  carnivorous  Jurassic 
reptile  more  bulky  than  an  elephant,  and  thirty  feet  in 
length. 

Many  of  the  bird-like  tracks  of  the  Connecticut  valley 
are  regarded  as  those  of  huge  dinosaurs.  These  tracks 
occur  on  the  successive  layers  of  sandstone  of  Triassic  or 
Jurassic  age  ;  and  they  are  found  at  various  places,  from 
the  northern  portion  of  Massachusetts  to  Long  Island 
Sound. 
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SuB-sEcnoN  rV,  ■  ,, 

The  Order  of  Crocodilia  or  Crocodilians. 

The  CrocodilianB — often  called  the  Loricata — are  eauri- 
ane  whicli  have  the  body  covered  with  horay  Boales  formed 
from  the  outside  skin,  and 
with  bony  plates  formed  in 
the  true  skin  or  derm.    They 
are  found  only  in  warm  cli- 
mates, and  include  the  Croc- 
odileB  of  the  Nile,  the  Gavi- 
als  of  the  Granges,  the  Alli- 
gators of  America,  the  fossil 
Teleoiaurs,  etc. 
'Tlie    Crocodilians    have 
fonr  cavities  in  the  heart,  as 
i  in    warm-blooded    animals. 
1$  *  Their   dorsal   vertebrse  are 

*  concave  in  front  and  convex 
^  iDehind.    Their  sacrnni  is,  in 
I  most  species,  composed   of 
6  only  two  vertebrse.      They 
have   five  toes  before  and 
four  behind.    The  bones  of 
their    skull    and    tajx   are 
very  firmly  united  together. 
Their  teeth  are  set  in  sock- 
ets in  a  single  row,  and  are 
in  a  constant  process  of  re- 
newal as  fast  as  shed.   Their 
tongue  is  fleshy  and  fixed  to 
the  bottom  of  the  month. 


& 
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Their  eyes  have  movable  eyelids,  their  ears  movable  ear- 
lide,  and  their  noBtrils  are  in  the  extremity  of  the  snout 
and  capable  of  being  closed  by  a  valve. 
^-^"The  tail  of  the  Grocodilians  is  exceedingly  powerful, 
and  with  it  they  strike  down  and  sweep  into  the  water 
lai^  animals  upon  which  they  would  prey.    The  Croc 
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dile  immediately  seizes  its  victim  and  drags  it  beneath  the 
surface  of  the  water  to  drown  it.  By  a  peculiar  arrange- 
ment the  Crocodile  can  instantly  close  the  entrance  to  its 
throat,  so  as  to  prevent  the  ingress  of  water,  and  thns, 
by  bringing  from  time  to  time  the  extremity  of  its 
enout  above  the  surface,  it  can  with  impunity  maintain 
its  grip  upon  the  prey  and  keep  it  under  water. 

The  true  Crocodiles  8ttain,the  length  of  thirty  feet;  the 
Alligators  fifteen  feet  or  more. 

(CroeodUe*  tiftve  the  long  "  canine  "  teeth  bo  arranged  as  to  fit  Into 
boles  In  the  upper  Jaw.  the  hind  feet  webbed  nearlj  to  the  toea,  and  a 

rid^e  of  projecting  scales  down  the  outer  border  of  their  hind  legfi. 

AUigatort  have  the  "  canine  "  teeth  arranged  to  fit  into  a  pit  In  the 
npper  jaw,  and  they  have  no  ridge  of  projecting  Bcales  on  the  onter 
border  of  their  hind  legB,  and  their  hind  feet  are  not  bo  complete))' 
webbed  aa  those  of  the  Crocodiles.    \ 
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Sub-section  V.  .  ^ 

The  Obdeb  of  Lacebtia  ob  Lizabds. 

The  Lacertias  are  saurian  reptiles  whose  bodies  are 
covered  with  scales,  and  whose  vertebrae  are  concave 
before  and  convex  behind,  or  concave  on  both  faces.  They 
have  only  two,  or  at  most  three,  vertebrae  in  their  sacrom. 
None  of  the  living  species  have  teeth  set  in  sockets.  The 
heart  has  two  auricles  and  one  ventricle ;  the  ventricle  is, 
however,  partially  divided  by  a  partition  into  a  right  and 
left  portion. 

Fio.  266. 


striped  Lizard,  Ameiva  gex4ineata^  Cuvier. 

Some  of  the  members  of  this  order,  as  the  Green  Lizard 
and  Striped  Lizard  of  our  Southern  States,  are  only  six 
to  ten  inches  in  length.  Others,  like  the  Monitor  of  the 
Nile  and  the  Iguana  of  South  America,  are  from  four  to 
six  feet  in  length.  Some,  like  the  Dragons  {Draco)  of  the 
East  Indies,  have  their  ribs  extended  outwards  and  sup- 
porting a  fold  of  skin,  and  thus  forming  a  sort  of  wing 
which  acts  as  a  parachute  in  sustaining  them  as  they  leap 
from  one  tree  to  another,  and  thus  making  them  appear 
as  if  flying.    Others,  like  the  Geckos  (Fig.  257)  of  the 
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tropical  regions,  have  toes  provided  with  a  flattened  disk 
which  enables  them  to  crawl  up  walls  and  even  along  the 


Fig.  257. 


Gecko. 


ceilings  with   the   back    downwards.       Some,    like    the 
"  Horned  Toads  "  of  Western  North  America,  are  armed 


Fig.  258. 


Horned  Toad,  IVirynosoma  coimtUa,  Gray. 

with  tubercles  and  spines.  Others,  as  the  Chameleons  of 
tlie'  Old  World,  have  the  tail  prehensile,  the  tongue  fleshy 
and  extensible,  the  eyes  large  and  covered  with  skin,  ex- 
cept a  small  hole  opposite  the  pupil,  and  possessing  the 
faculty  of  moving  independently  of  each  other! 

Other  lacertians  still,  as  the  Glass-snakes  of  the  Mis- 
sissippi valley,  are  snake-like  in  general  appearance,  having 
no  external  locomotive  members.     They  received  their 

10* 
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peculiar  name  from  their  form,  and  from  the  fact  that  tlie 
vertebrae  of  the  tail  are  so  slightly  adherent  that  the  tail 
JB  easily  broken.  And  lastly,  there  are  other  lacertians, 
like  the  Slow-worms  of  Europe,  and  the  Donble-waikers 
of  South  America— the  latter  of  whieli  can  move  forwards 
or  backwards  with  equal  facility — that  are  eo  unlike  the 
typical  lizards  that  iiaturalists  hesitate  whetlier  or  not  they 
ought  to  be  retained  in  the  order. 

Geologists  recognize  certain  fossil  lacertians  ae  among 
the  earliest  of  true  reptiles,  and  they  describe  them  under 
the  name  of  Thecodonts  (from  the  Greek  theke,  a  sheath, 
Mimes,  a  tooth),  etc.  These  reptiles  have  small  scales  and 
biconcave  vertebrae  similar  to  those  of  fishes,  but  they 
are  allied  to  the  Crocodilians  in  having  their  teeth  in 
sockets.  They  made  their  appearance  in  the  Carbonifer 
0U8  period. 

Sub-section  VI   ■ 

The  Order  op  Enauosauria  or  Sea-Saukians. 

Under  this  head  we  may  include  a  host  of  huge 
extinct  satiriaiis  which  inhabited  the  seaa  and  estuaries  in 
the  old  Jurassic  and  Cretaceous  times,  and  whose  strue- 
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ture  is  so  wonderful,  and  whose  size  is  so  gigantic,  that 
we  might  well  doubt  they  liad  ever  lived,  were  it  not  that 
their  fossil  remains  exist  in  the  greatest  abundance  and 
in  wonderful  perfection. 

The  Enaliosaurs  are  furnished  with  paddles  for  swim- 
ming, and,  like  fishes,  their  vertebrae  are  concave  at  each 
end  ;  and,  excepting  the  MosasaurSy  which  have  their 
teeth  in  sockets,  they  have  their  large  teeth  set  in  a 
groove. 

The  Ichthyosaurus  is  a  genus  of  the  Sea-saurians  of 
the  Jurassic  period,  which  are  from  ten  to  forty  feet  in 
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Ichthyosaunu. 


length,  with  the  bony  cavity  for  the  eye  nearlj'^  a  foot  in 
diameter,  and  with  jaws  in  some  species  nearly  six  feet 
long,  and  armed  with  two  hundred  stout  conical  teeth  ! 

The  Plesiosauriis  is  a  genus  of  sea-saurians,  ten  to  thirty 
feet  in  length,  which  are  characterized  by  a  long  snake- 
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neaioeauniB. 


like  neck — ^having  from  twenty  to  forty  vertebrsB — a  small 
head,  and  short  body. 
The  Discosaurus  {Elasmosaurus  platyuruSy  Oope)  had 
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a  total  length  of  fifty  feet,  and  its  neck,  with  over  sixty 
vertehrse,  was  twenty-five  feet  long ! 

But,  if  possible,  still  more  wonderf al  sea-saurians  are 
inclnded  in  the  genus  Mosasaurua.  These  Sea-saurians, 
unlike  those  preTiously  mentioned,  have  the  teeth  in 
sockets,  and  their  body  covered  with  bony  plates.  The 
remains  of  more  than  forty  species  have  been  fousd  in 
the  Cretaceous  rocks  of  New  Jersey,  the  Gulf  States,  and 
Kansas.  They  were  exceedingly  snake-like  in  their  appear- 
ance, and  some  of  them  were  at  least  seventy-five  feet 
long  !  They  were  the  "  Sea-Serpents  "  of  the  old  Creta- 
ceous oceans. ,         .  . 

And  it  matt  he  added  here,  that  althoogh  thej  are  "  8e»-»QriaD8  "  in  ■ 
popolmi  senw,  the  MosisaOBIA  bis  regarded  m  a  distinct  order,  aJlied  to  tcae 
■aaiianB  and  serpeDts. 

Sub-section  VII.      ,.,.;.      ■    ■'^ 
The  Order  of  Pterosauria  or  FtTisG  Saurianb. 
All  the  members  of  this  order  are  also  extinct.     The 
name  Pterosaiims  comes  from  the  Greek  pleron,  a  wing, 
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and  sauruBy  a  lizard,  and  briefly  describes  these  strange 
forms.  The  body  resembles  that  of  an  ordinary  mam- 
mal, the  jaws  and  teeth  those  of  a  crocodile ;  and  the  wings 
remind  us  of  those  of  a  bat.  The  fifth  or  little  finger  is 
exceedingly  elongated,  thus  affording  a  support  for  a  mem- 
brane, which,  with  the  aim,  made  a  wing  for  flying.  The 
principal  genus  is  Pterodactylus  (Fig.  262),  and  it  includes 
species  of  various  sizes,  from  those  having  a  spread  of  three 
feet,  like  some  of  those  found  in  the  Old  World,  to  some 
of  the  gigantic  species  {Pterodactylus  ingens^  Marsh)  in 
the  Cretaceous  rocks  of  the  central  portion  of  the  United 
States,  which  have  a  spread  of  twenty-five  feet ! 

SUB-SEOTIOK   VIII. 

The  Obder  op  (Iphidia.ob  Serpents. 

Serpents  are  scaly  reptycs  whidh  are  exceedingly  elon- 
gated and  without  feet,  ancKwhose  skull  and  jaws,  verte- 
brse  and  ribs,  make  up  the  whole  skeleton — both  sternum 
and  sacrum  being  wanting.  A  pair  of  slender  bones,  how- 
ever, often  supporting  a  second  bone  armed  with  a  claw, 
are  fonnd  suspended  in  the  flesh  near  the  hind  part  of 
the  body,  in  some  species ;  these  are  regarded  as  the  rudi- 
ments of  hind  limbs. 

The  vertebrae  in  serpents  are  exceedingly  numerous, 
and  articulate  with  each  other  not  only  by  a  cup  and  ball 
on  the  central  portion  of  the  vertebrse^— that  is,  on  the  cen- 
trum— but  also  by  eight  joints  in  addition  to  these,  which 
interlock  by  parts  reciprocally  receiving  and  entering  into 
one  another  ;  and  thus  the  vertebral  column  is  very  strong, 
while  at  the  same  time  it  has  great  freedom  of  motion. 
Moreover,  as  the  danger  is  greatest  of  being  crushed  by 
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blows  from  above,  all  tbe  jointe  are  made  eo  that  they  car. 
best  resist  vertical  preesnre.  And  it  may  here  be  added 
that,  in  accordance  with  this  Btmctare,  there  ie  little  or  no 
natural  npward  and  downward  nndalation  of  the  body ; 


but  all  the  undulations  are  from  side  to  side.  The  ribs 
commence  at  the  third  vertebra  from  the  head,  and  are 
very  numerous.  They  are  movable,  and  aid  greatly  in 
locomotion. 

TheTwues  of  the  jaws  aud  month,  which  in  the  higher 
animals  are  more  or  less  firmly  united,  are  connected  in 
serpents  by  extensible  ligaments  only — an  arrangement  by 
which  the  month  may  be  distended  so  as  to  receive  an 
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dbject  of  much  greater  diameter  than  the  serpent  itself. 
Their  teeth  are  pointed,  smooth,  and  arched  towards  the 
throat. 


Sbowlng  the  laUmal  Etractnre  of  b  Serpent. 

t,  tongue  Uld  glottis  ;  a,  (rnllet  cnt  icrosB  mt  o;'  to  abow  the  hnrt,  eta.  ;  1,  I 
atonuch  ;  i',  intestine  ;  r;  cloaca;  on,  una  ;  /,  liver  ;  d,  ovulDm  ;  o",  OTi ;  I,  wli 
pipe  ;  p.  principal  long  ;  p',  Utile  lung  ;  v(.  ventricle  ;  c,  left  anricle  ;  c',  rigbt  an 
olei  ag,  left  aorto;  ad,  right  aorta!  a', Teulral  aorta;  ac,  carotid  arterlei ;  t,  an 
rinr  cava ;  vc,  Inferior  «Ta;  rp,  pnlmoDMT  Teln]  a,  >IimeiitU7  onal  or  goUet,  np] 
portion. 
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The  tongne  of  Bcrpento  is  long,  slenOer,  biSd,  extenei- 
ble,  and  retractile  witliin  a  sheath  ;  the  ej^es  are  without 
movable  lids;  trachea  veiy  long;  laag  single,  and  extend- 
ing nearly  the  whole  length  of  the  body. 

Serpents  cast  their  ekius  at  least  once  a  year.  They 
1^7  ^S^  with  a  flexible  shell ;  some  of  them,  however, 
are  ovo-viviparons ;  that  is,  the  eggs  are  hatched  while 
still  in  the  body  of  the  parent.  This  is  especially  true  of 
venomons  eaiakes. 

The  Boa-Ck>nBtrictor  and  Anaconda  of  South  America, 
the  Pythons  of  Africa  and  the  East  Indies,  constitute  the 
family  of  Boidn,  hnge  serpents  in  some  cases  attaining 
the  length  of  fliirty  or  forty  feet,  and  capable  of  swallow- 
ing dogs,  sheep,  and  deer,  after  having  cmshed  them  in 
their  powerfol  folds.  They  have  spnr-like  appendages  as 
rudiments  of  hind  limbs. 

All  of  onr  most  common  species,  as  the  Striped  Snakes, 
Water  Snakes,  Black  Snakes,  and  a  long  list  of  allied 
genera,  belong  to  the  family  of  Colubridte.  They  have 
no  mdiments  of  hind  limbs. 

fBattlesnakes  or  CrotalJdse  and  their  allies  are  serpents 
whose  npper  jaw  contains  but  few  teeth,  but  is  armed 
with  sha^pointed,  movable  poison-fangs.    These  fangs 
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are  concealed  in  a^fold  of  the  gnm,  or  raised,  at  the  will 
of  the  animal.  They  connect  with  a  gland  situated  near 
the  eye,  which  furnishes  the  fluid  poison.  When  the 
snake  bites,  the  fangs  are  raised,  and  the  pressure  of  the 
temporal  muscles  upon  the  gland  forces  the  poison  along 
the  fang  into  the  wound.  These  animals  have  a  deep  pit 
between  the  eye  and  the  nostril,  and  the  rattlesnakes 
proper  have  the  tail  furnished  with  a  rattle,  with  which 
they  make  a  peculiar  noise  when  they  apprehend  danger, 
or  perhaps  when  they  would  call  their  mate. 

The  Crotalidae  include  not  only  the  Rattlesnakes 
proper,  but  also  the  Copperhead,  Moccasin,  etc.,  snakes 
even  more  dangerous  than  the  first  named,  as  they  strike 
without  warning. 

Some  kinds  of  poisonous  snakes,  like  the  Harlequins 
or^lapidsB  of  the  warm  parts  of  the  United  States,  have 
the  fangs  permanently  erect. 

In  India  and  Africa  there  are  poisonous  snakes  known 
as  Vipers,  which  can  raise  up  and  draw  forward  the 
anterior  ribs  so  as  to  dilate  the  forward  part  of  the  body 
into  a  more  or  less  broad  disk.  The  Spectacled  Viper 
or  Cobra  of  India  is  one  of  these  vipers  which  has 
a  black  line  resembling  in  outline  a  pair  of  spectacles 
traced  on  the  widened  portion  of  its  disk.  This  is  the 
snake  whose  fangs  the  jugglers  of  India  extract,  and  then 
train  it  to  dance !  The  Asp  of  Egypt  is  a  viper  not  less 
noted.  The  ancient  Egyptians  made  it  the  emblem  of  the 
protecting  divinity  of  the  world,  and  sculptured  it  on  the 
sides  of  a  globe  upon  the  gates  of  their  temples.  By  press- 
ing this  snake  on  the  nape,  the  jugglers  of  Egypt  threw 
it  into  a  stiffened  immovable  condition,  which  they  called 
turning  it  into  a  rod.  It  is  probably  the  Asp  of  Egypt, 
and  Asp  of  Cleopatra. 
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Snakes  which  have  the  posterior  parts  of  the  body  and 
tail  mnch  compressed,  and  raised  vertically,  thns  adapting 
them  for  swimming,  are  called  Sea-snakes  or  Hydrophidae. 
They  are  of  small  size,  and  inhabit  both  the  salt  and  fresi 
waters  in  warm  climates,  and  are  very  venomoas. 


Pbincipal  Topics  Considebed  in  Chaptbb  II.,  Section  IV. 

SUB-SECTION  I. 

Beptiles  cootidered  as  a  Class. ^How  tbey  eat. — Blood. Circalatory  appa- 
ratus.  Bespf ration. Skeleton,  etc. Nenroas    system. Eyes. Hearing 

apparatus. Smell. Touch. Classification  of  Beptiles. 


SUB-SECTION  n. 

The  Order  of  Chelonia. Land  and  Free^h-water  Turtles. Sea  Turtles.- 

Fossil  Turtles. 


SUB-SECTION    III. 

The  Order  of  Dinosauria. Sauria  in  general. Structure  and  size  of  Dino- 
saurs.  The  Geological  period  to  which  they  belong. 


SUB-SECTION  IV. 

The  Order  of  Crocodilia. Livin|f  examples. Where  found. — Crocodilians 

more  ftilly  described. Crocodiles  and  Alligators  compared. 


SUB-SECTION  V. 

The  Order  of  Lacertia. Living  examples  briefly  noticed. ^Fosoil  Lacertians 

or  Thecodonts,  and  when  they  made  rheir  appearance. 


SUB-SECTION  VI. 

The  Order  of  Enaliosauria. Ichthyosaurus. — ^lesiosaurus. Diroosanrus. 

Mosasaurus. 


SUB-SECTION  VII. 
The  Order  of  Pterosauria. Structure  and  size  of  Pterosaurs. ^Where  found. 


SUB-SECTION   VIII. 

The  Order  of  Ophidia. Serpen ti«  more  fully  described. Boas,  Anacondas, 

Pythons. Striped  Suake»,  etc. Rattlesnakes,  etc. Harlequins. Vipers. 

Sea-snakes. 


SECTION  V. 

TEE   CLASS  OF   BATRACHIA  OR  BATRACHUNS. 

Sub-section  I. 
V*^-       The  Batbachia  Considered  as  a  Class. 

j^       ^HE  Eatracliia,  often  called  Amphibia,  are  cold-blooded 

f    oviparous  reptiles  whicli,  with  few  exceptions,  are  desti- 
tute of  scales,  and  whieh,  in  moat  cases,  lay  their  eggs  in 


o 


T  VUt\ 


Varlan*  phuea  In  the  life  of  aBatracfalsn,  from  the  egg  to  the  RdnltMitfl — 
Triton  or  Newt. 

the  water,  or-in  damp  places,  and  whose  yonng  liatch  in 
a  very  immature  condition,  and  pass  through  a  series  of 


\ 
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ulianges  before  they  acquire  the  form  of  the  parents. 
The  Dame  is  from  the  Greek  batraohos,  a  frog ;  and  the 
group  includes  Frogs,  Toads,  SalamaDders,  Tritons,  et& 

Some  kinds,  U  Tree-toade,  laj  their  eggs  on  trees  in  places  over- 
liangiog  water,  and  the  joung,  as  soon  as  hatched ,  duDp  into  the  water. 

Pipa  or  Surinam  Toad,  of  South  America,  lays  its  eggs  in  the  water, 
after  which  they  are  collected  bj  the  male,  and  placed  on  the  back  of 
the  female,  the  ekiD  enlarging  in  Buch  a  manner  as  to  inclose  the  eggs 
in  cells  ;  here  the  development  goes  on  till  the  young  come  forth  as 
perfectly  formed  toads. 

A  smalt  frog  of  Veneznela  has  a  ponch  upon  the  back  In  which  the' 
eggs  are  carried  and  hatched. 


IB  Fig.  vn.  In  the  adolt  tUIo. 
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Batrachiaiis  have  tlie  skull  very  flat  and  usaally  broad, 
lad  of  a  very  open  etructure ;  two  occipital  condyles  for 


/ 


SkeleMn  Of  a  BatrocliiaD— Fro([, 

tlie  articulation  of  the  head  with  the  body ;  and  the  ribs 
veg^  short  or  wanting. 

"rThe  young  batracliians  breathe  by  means  of  gills,  and, 
in  most  cases,  live  'in  the  water,  being  thus  more  or  less 
iish-Iike,  and  are  called  tadpoles.  But  in  the  adult  state, 
with  few  exceptions,  the  gills  disappear  and  then  these 
animals  breathe  by  means  of  lungs.  Their  lungs  are  two 
and  eqnal,  and  their  heart  has  never  more  than  three 
cavities — two  auricles  and  one  ventricle. 

The  Batraehia  comprise  the  following  Orders: 

1.  AnoUBA.  or  TftilleBB  Bfttrachians,  as  Froffa  nod  Toads. 

3.   Ukodela  or  T^led  BatrecMans,  as  Salamanders,  Tritona,  SI- 

3.  ApodA.  ur  Footless  Batrechians,  as  snake-like  batmclilans  or 
-"'  Caclliana.     ) 
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Beeidee  tlieae  there  JB  an  extinct  group,  knowc  only  by 
the  fossil  remains  of  its  representatiTes,  and  thiB  ia  added 
06  an  additional  order,  thus — 

4.   LabvkiktHODONTA  or  Lab7rinthodODtB,  Bo  called  from  the 
inteiDol  Btracture  ot  tlieli  teeth.. 


}^  Sub-section  II. 


The  Order  of  Anocra  oh  Tailless  Batrachians. 
J 
s.        Tbib  order  includes  the  Frogs  and  Toads,  and  is  some- 
"^     times  called  the  order  of  Batraclioids.     The  name  Anoui-a 
^       comes  from  tlie  Greek  <m,  privative,  and  oura,  a  tail. 
V  The  Anourana  have  the  body  short  and  thick,  and  cov- 

\  ered  with  a  skin  which  does  not  adhere  to  the  muscles, 


Leopud  Frag,  Saaa  AofMina,  EkIih. 

bnt  covers  them  somewhat  loosely  as  a  sack.  Their  tongue 
is  long  and  fixed  to  the  front  of  the  jaw,  and  ita  tip  is 
turned  backward  in  the  month,  whence  it  can  be  instantly* 
darted  forth ;  and  it  is  in  this  way  that  these  animals  so 
quickly  snap  up  living  insects  which  constitute  their  food. 
The  young  are  tadpoles,  which  have  a  large  head,  short, 
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thick  body,  and  a  long  compressed  tail,  and  which  feed 
upon  regetable  food.    As  they  grow  older,  the  extremities 


Fie.  871. 


Fio.  872. 


VlQ.  878. 


Fig.  374. 


Fio.  275. 


Fig.  87B» 


Chaogcs  in  the  form  of  FrogB  and  Toads  ttom  the  time  of  hatching. 

appear,  the  tail  is  gradually  absorbed,  the  gills  are  super- 
seded by  lungs,  which  heretofore  were  undeveloped,  and 
the  animal  becomes  air-breathing  and  carnivorous. 

The  Bull-frog,  Leopard-frog  (Fig.  270),  Pickerel-frog, 
Wood-frog,  etc.,  are  prominent  representativesof  tlie  true 
frog  family  or  JRanidse,  which  have  the  toes  free,  and 
never  dilated  into  a  disk. 

The  Tree-frogs  or  *'  Tree-toads  "  or  Ilyloidae  have  the 
extremities  of  the  toes  enlarged  into  a  ^'•-  ^77. 
disk,  by  means  of  which  they  sustain  them- 
selves on  the  trunks  and  branches  of  trees. 
Those  called  Cricket-frogs  (Hylodes)  are 
very  small,  and  are  found  on  plants  near 
the  water,  where  their  shrill  piping  note 
may  be  heard  all  the  night,  in  summer. 

The  Toads  or  Biifonidse  have  the  body  warty  above  and 
granulated  beneath ;  and  the  upper  jaw  and  palate,  in  most 
cases,  destitute  of  teeth.  They  are  mainly  nocturnal  in 
tlieir  habits.     They  live  upon   the  land,  except  in  the 


Cricket-frog,   Hy- 
lodes Piekenngii^ 
Ho  lb  rook. 
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Spring,  when  they  live  in  ponds  and  pools,  where  they  go 
to  lay  their  eggs. 

The  eggs  of  Toads  are  laid  in  long  glairy  "  strings  ; "  those  of  Frogs 
in  large  glairy  masses. 


Sub-section  III. 

The  Order  of  Urodela  or  Salamaistders,  etc. 

Batrachians  of  this  order  have  a  tail  at '  all  periods 
of  their  life,  and  in  most  species  four  feet.     The  name 
""2,J2Qines  from  the  Greek  (mra^  a  tail,  and  delos^  manifest. 

The  body  of  the  Urodelans  is  long,  and  more  or  less 

lizard-like  in  general  outline,  and  covered  with  a  skin 

/  which  is  adherent  to  the  muscles.    They  have  no  sternum, 

\A  ^        and  the  ribs  are  rudimentary ;  and  the  fore  feet  of  the 

young  are  developed  before  the  hind  ones  (see  Fig.  266). 

[n  their  adult  state,  most  Salamanders  proper  live  upon 
the  land,  going  into  the  water  only  at  the  season  in  which 
they  lay  their  eggs.  Some  kinds  are  terrestrial  through- 
out life,  laying  their  eggs  under  stones  and  old  logs,  in 
damp  places. 

Pia.  278. 


Salamander,  Amldystoma  ptmcttUum^  Baird. 

The  Tritons  are  salamanders  which  haVe  the  tail  com- 
pressed, and  which  are  aquatic ;  yet,  as  they  respire  by 
means  of  lungs,  they  come  to  the  surface  of  the  water 
from  time  to  time  for  atmospheric  air.  They  have  the 
most  wonderful  power  to  reproduce  mutilated  or  lost 
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parts.     The  limbs  may  be  removed,  and  in  less  than  a 
year  they  will  grow  again ;  and  the  newly-formed  limbs 

Fia.  279. 


Triton  or  Water-Newt,  Diemictylus  viridescens^  Rafinesque. 

may  in  turn  be  amputated,  and  will  in  turn  he  replaced 

by  others ! 
rfeoth  Salamanders  and  Tritons  belong  to  one  family, 

thfe^Salamandridse. 
r<  Some  kinds  of  salamandrine  batraehians,  as  the  Congo 
y-^^nakes   of   the   South,  and  other 


Fig.  280. 


fV  o^  W%  1   I 


similar  species,  are  said  to  be  desti- 
tute of  gills  at  all  periods  of  their 
existence,  breathing  by  means  of 
exposed  spiracles  or  branchial  ori- 
fices at  the  sides  of  the  neck.  They 
live  in  the  water,  and  belong  to  the 
family  of  Amphiumidae. 

-The  Congo  Snakes  have  an  eel- 
shaped  body,  four  imperfectly  de- 
veloped legs,  and  a  single  spiracle 
on  each  side  of  the  neck. 

Fig.  281. 


**  Congo  Snake,"  AmphUtma 
means^  Linu. 


Mad-Pappy,  Menobranehus  lateralis,  Say. 

Other  kinds  of  salamandrine  batraehians,  as  the  Sirens, 
Menobranehus,  Siredons,  Proteus,  etc.,  have  permanent 
11 


? 
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external  branchiae  that  occur  in  tnftSj  covering  the  bran- 
chial orifices.  They  also  have  lungs  like  others  of  their 
class,  and  are  thus  true  amphibians.  It  will  be  observed 
that,  ei^en  in  their  adult  atate^  these  animals  represent  the 
emhryonic  forms  of  the  higher  hatrachia/ns.  They  are  one 
to  two  feet  in  length  in  most  cases,  and  constitute  the 
/family  of  Sirenidse. 

The  Siredons  or  Axolotl&  of  Mexico  and  of  Western 
North  America  are  from  six  to  ten  inches  long,  and  every 


Fio.  282. 


Siredon,  Siredon  lichenoides,  Baird. 

way  similar  in  form  to  young  aquatic  salamanders.  They 
live  mainly  in  the  water.  Proteus^  represented  by  a  spe- 
cies a  foot  long  in  the  waters  of  Adelsberg  Cave,  Carniola, 
is  a  related  genus. 

The  Siredons  have  always  been  regarded  with  great 
interest,  because  they  represent,  even  in  their  adult  form, 
one  of  the  transient  stages  of  the  higher  urodelan-batra- 
chians.  But,  of  late,  they  have  become  still  more  inter- 
esting, from  the  fact  that  Prof.  O.  C.  Marsh  (see  Am. 
Jour,  of  Sci.  and  Arts,  Nov.,  1868)  has  discovered  that, 
under  some  circumstances,  the  Siredon  lichenoides,  Baird, 
wholly  abandons  the  Siredon  form,  and  becomes  a  genuine 
Amblystoma  mavortium,  Baird.  Fig.  283  is  a  copy  of 
Marsh's  figure  of  the  Amblystoma  after  it  had  passed 
through  its  entire  transformation. 
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Of  the  Siredons  which  the  Professor  was  keeping  in 

vessels  of  water,  he  found   that  "two  specimens,  most 


y 


AmUyiloma  mavorSum,  Baird. 

favored  in  regard  to  light  and  warmth,  passed  apparently 
through  the  entire  transformation  in  about  twenty  days. 
Tlioee  that  commenced  at  the  same  time,  but  were  less 
favorably  situated,  required  at  least  twice  that  time  for  its 
completion," 

Siredons  are  abundant  in  Lake  Como,  a  small  sheet  of 
water  near  the  Union  Pacific  Ruilroad,  in  Wyoming. 


^  Sub-section  IV". 

The  Obdeb  of  Apoda  or  Snakk-like  BATBAcmAiiB. 

The  hatrachians  of  this  order  are  destitute  of  limbs, 
and  move  like  serpents.  They  are  known  under  the 
name  of  Blind-worms  or  Caecilians,  a  name  derived  from 
tlie  Latin  word  ccbcus,  meaning  blind,  and  given  to  these 
animals  on  account  of  their  exceedingly  minnte  eyes;  so 
minute  that  some  of  the  species  seem  entirely  wanting  in 
these  organs.     The  Caecilians  vary  from  one  to  three  feet 
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in  length,  and  are  found  in  the  marshes  of  the  tropical 
i-egions.  Contrary  to  what  is  trne  of  batrachians  genei^ 
ally,  these  animale  develop  dermal  ecales. 


Sub-section  V. 
The  Order  op  Labyrinthodohta  oe  LABTErNTHODOHTS. 
The  Labyrinthodonta  are  scale-covered  batrachians 
which,  as  already  stated,  are  wholly  extinct.  They  are 
known  only  by  tlieir  fossil  remains.  They  get  their  name 
from  the  labyrinthine  arrangement  of  the  cement  and 
dentine  of  the  teeth,  as  seen  in  Fig.  285 — a  kind  of  struc- 
ture which  is  found  in  the  teeth  of  Ganoid  fishes.  These 
batrachians  were  more  or  less  frog-like  in  their  general 
outline. 
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Labyrinthodonts  are  found  in  the  Carbouiferons  and 
Triaesic  rocks,  and  *"•  **■ 

fiome  of  the  species 


Iiaving  in  some 
cases  a  skiUl  three 
or  four  feet  long, 
and  a  body  vastly 
more  bulky,  prob- 
ably, than  that  of 
an  ox.  liepreBen- 
tatives  of  this  or- 
der have  left  their 
foot-prints  in  the 
Connecticut  river 
sand-stone,  each  foot-print  being  twenty  inches  long. 

Principal  Topicb  CoNeiDERsn  ra  Chapteb  II.,  Sectiok  V. 

BUB-SBCTION  1. 

■■. Orlulii  of  tbs  rams. Where  theylaj 

— BreBthlng  ipparatae Heart. ClBBBiQ- 


The  Order  of  Anonm. Origin  of  the  name. Pono. Skin. How  they 

•etnre  RkhI The  young. TnieProga. "Tree-t«Md»." Toatta. Sgtflol 

To*da. BggB  or  Froga. 


The  Order  of  Apoda. Porin. Sl»e. Where  found. Kyea. 8o«l«. 


SECTION  VI.  ^ 

THE  CLASS  OP  PISCES  OR  FISHES.  U 

Sub-section  I. 
The  Fishes  CoNaiDESED  as  a.  Glass. 

Tkhe9  are  cold-blooded  vertebrates  wliich  live  exclu- 
sively in  the  water,  and  respire  by  mesDS  of  gills  iustead 
of  lungs.* 

The  limbs  corresponding  to  the  locomotive  membere  of 
the  higher  vertebrates  are  comparatively  little  developed, 
aud  are  called  fins. 

Those  fins  which  correspond  to  the  anterior  locomotive 
members  of  higher  vertebrates  are  called  pectorals,  and 


p,  pectonia ;  t>,  Tsntrala ;  d,  dorssl ;  a,  anal ;  e,  ciodal. 

those  which  correspond  to  the  posterior,  verdrala.  Besides 
the  pectorals  and  ventrals,  there  are  other  fins  which  are 
vertical.  Those  upon  the  back  are  called  dorsal,  tliose  be- 
neath the  tail  aaud,  and  the  fin  at  the  end  of  the  tail  caudal. 

"The  CIlmblriK  Perch,  of  Ihe  East  Indies,  somBtlmes  leaves  the  water, 
and  moves  tor  considerable  dl'taneea  upon  the  land,  and.  In  some  cases, 
evenascendfl  the  trunks  of  trees  !  This  flsh  hns  an  apporatuB  under  the  gill- 
coTera  by  means  ol  vfhlch  water  Is  retained  and  given  up  to  the  gills  drop 
hjr  drop. 
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Pishee  feed  mainly  upon  smaller  members  of  tteir  own 
class,  and  upon  other  smaller  animals.  Some  kinds,  how- 
ever— as  the  Lauoet-fisheeof  the  tropical  seas — are  vegeta- 
ble feeders.  Most  kinds  swallow  their  prey  whole.  Some, 
wbich  feed  on  shell-fiah,  crush  their  food  by  means  of  tlie 
powerful  crusliing  and  grinding  t«et]i  in  the  gullet.  Di- 
gestion is  performed  very  rapidly.  The  blood  is  red,  and 
the  globules  are  large  and  elliptic. 


■  f  1 1 1  ■&   I 


I  III 

The  heart  of  fishes  contains  only  two  cavities,  corre- 
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BranchtalBrterj.., 


IB  portts,  liver,  etc.. 


Bnucblkl  or  gin  reruta 


Bpotiding  to  the  right  anricle  and  right  ventricle  of  warm- 
blooded vertebrates ;  and  the  blood  passes  only  once  through 
the  heart  instead  of  twice,  as  in  Birds  and  Mammals. 

The  auricle  receives  only  tlie  venoua  blood  returned  to  it  from  all 
purtB  of  the  body.  From  tlie  auricle  this  blood  paBses  into  the  ventri- 
cle ;  from  the  latter  cavit;  it  passes  to  the  gills  throDgh  a  single  artery 
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«.* 


Fig.  289. 


which  has  at  its  origin  a  contractile  bulb.  Having  been  purified  in 
the  gills,  the  blood  is  poured  into  an  arterial  trunk,  situated  under  the 
spine,  whence  it  is  distributed  to  every  part  of  the  body,  and  in  due 
time  is  returned  by  the  veins  to  the  auricle  of  the  heart.  Notwith- 
standing that  the  circulation  is  single,  that  is,  the  blood  passes  through 
the  heart  only  once  before  passing  through  the  body,  it  is  complete, 
since  none  of  the  blood  circulates  through  the  body  till  after  it  has 
been  purified  in  the  gills. 

/Respiration,  as  already  indicated,  is  performed  by  means 
6f  gills.  These  are  delicate  fringes  or  laminae,  supported 
on  bony  arches.  In  most  species 
the  gills  are  covered  by  means  of  a 
sort  of  lid  composed  of  three  pieces, 
plainly  or  obscurely  indicated,  and 
called  the  operculum^  mbqpercu" 
lurrij  and  interoperculum.  This  lid 
or  gill-cover  plays  on  one  called  the 
preoperculum.  In  some  groups, 
however,  the  gill-covers  are  want- 
ings.,^ 

""j[n  the  process  of  breathing,  the  mouth  and  gill-covers 
open  alternately,  and  the  water  which  ^ters  the  inonth 
passes  through  the  gills  and  escapes  at  the  gill-openings. 
Thus  the  gills  are  constantly  bathed  with  water,  and  the 
oxygen  needed  is  secured  from  the  air  which  is  mingled 
with  the  water. 

- — T^es,  in  most  cases,  are  furnished  with  a  membranous 
sac  filled  with  air,  and  called  the  swimming-bladder.  This 
organ  is  probably  a  rudimentary  lung,  but  its  true  func- 
tion is  not  known ;  although  some  believe  that  by  it  Fishes 
have  the  power  of  varying  their  specific  gravity,  and  thus 
more  easily  rising  and  sinking  in  the  water.  Others  be- 
lieve that  it  aids  in  hearing. 

le  spinal  column  of  Fishes  is  made  up  of  vertebree 

11* 
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which  are  concave  at  each  end,  and  the  cavities  which  thns 
occur  between  the  vertebrBB  are  filled  by  a  soft  metnbra- 


>  Pleb— Perch. 


nous  and  gelatinous  substance,  which  extends  from  one 
cavity  to  another,  throngh  a  hole  with  which  each  verte- 
bra is  pierced.  Tlie  spinal  column  bends  with  perfect 
freedom  laterally,  but  not  in  a  vertical  direction ;  and  it 


FISHES    CONSIDERED  AS  A   CLASS.  251 

is  chiefly  by  the  lateral  motions  of  the  tail  and  body  that 
Fishes  are  propelled;  although  some  Pishes  —  as  Pipe- 
fishes (Fig.  311) — swim  principally  by  the  undulation  of 
the  dorsal  fin.  The  fins  are  employed  mainly  in  balancing 
and  directing. 

The  muscular  system  is  generally  highly  developed. 
The  flesh,  excepting  certain  muscles  which  are  deep  red, 
\     is  paler  than  that  of  Birds  and  Mammals,  and  in  some  cases 
\    is  pure  white.     One  large  and  complicated  muscle  on  each 
^     side,  and  filling  up  the  space  from  the  head  to  the  tail,  fur- 
nishes the  principal  motive  power. 

The  brain  is  exceedingly  small,  and  seldom  fills  the 
cavity  in  which  it  is  situated  (Pig.  292). 

With  few  exceptions,  the  eye  of  Pishes  has  no  motion ; 
and  the  iris  neither  contracts  nor  dilates,  and  the  pupil  is 
not  altered,  whatever  be.  the  quantity  of  light. 

The  ear  of  Pishes  is  inclosed  on  every  side  in  the  bones 
of  the  head,  and  consists  merely  of  a  sac,  representing  the 
vestibule,  and  of  three  membranous  semicircular  canals. 
In  the  former  are  suspended  small  hard  bodies. 

The  sense  of  taste,  of  smell,  and  of  touch,  are  regarded 
as  feeble ;  although,  in  relation  to  taste,  it  should  be  stated 
that  some  fishes  show  a  decided  preference  for  one  kind 
of  bait  over  another,  not  only  in  taking  it,  but  in  cling- 
ing to  it. 
^x-'^Mo^  fishes  are  oviparous  in  their  manner  of  reproduc- 
tion ;  but  some  species  bring  forth  living  young.     They 
produce  a  far  greater  number  of  eggs  than  any  other 
vertebrates.     A  Salmon  sometimes  contains  as  many  as 
t^      20,000  eggs;    a  Perch,   28,000;    a   Herring,  36,000;    a 
/""        Mackerel,  546,000 ;  a  Flounder,  1,357,000 ;   a  Sturgeon, 
7,600,000;  a  Ood,  9,000,000;  and  a  species  of  Upeneus, 
13,000,000 ! 
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Some  kinds,  as  the  Breams  (Fig.  333),  Sticklebacks,  etc., 
prepare  a  nest  for  their  eggs,  and  defend  them  with  great 

Fig.  283. 


stickleback. 

spirit ;  but  most  abandon  them  as  soon  as  laid.  With  few 
exceptions,  Fishes  have  no  care  of  their  young,  but  devour 
them  as  readily  as  they  do  any  other  food. 

The  eggs  of  Pipe-fishes  (Syngnathvs)  are  received  into  a  sort  of 
sack  or  pouch,  under  the  tail  of  the  maUt  and  thus  carried  about  until 
they  are  hatched. 

The  eggs  of  some  kinds  of  South  American  fishes  adhere  to  the 
abdomen  after  they  are  laid;  and  the  eggs  of  others  are  carried  in  a 
fold  of  the  lips.  Some  kinds  of  South  American  fishes  carry  their 
newly-hatched  young  in  their  gills. 

Although  the  lowest  class  of  the  Yertebrates,  their 
varied  forms,  and  colors  which  often  rival  those  of  pre- 
cious stones  and  burnished  gold,  the  wonderful  power  and 
velocity  of  some,  the  wholesome  food  furnished  by  many, 
and  the  exciting  sport  of  their  capture,  combine  to  render 
Fishes  subjects  of  great  interest  to  the  casual  observer,  as 
well  as  to  the  amateur  and  the  professional  naturalist. 

The  number  of  species  of  Fishes  is  not  less  than  ten 
thousand ;  and  their  forms  and  structure  are  almost  end- 
lessly varied.  This  explains,  in  part,  the  reason  why  it  is 
so  difficult  to  correctly  classify  this  group,  and,  in  part, 
why  so  many  different  classifications  of  Fishes  have  been 
presented.* 

*  Cuvler  recognized  two  great  groups  and  nine  Orders,  as  follow : 

1.  Acanthopterygli,  as  Perch,  Breams,  etc. 

2.  Malacopterygii  abdominales,  as  Salmon,  etc. 
8.  **  sub-brachiatl,  as  Cod,  etc 

4.  "  apodes,  as  Eels. 

5.  Lophobranchii,  as  Pipe-fishes,  Sea-horses,  etc 
16.  Plectognathi,  Puffers,  etc 


I.  BONr  FISHES. 
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Dr.  Theodore  Gill  regards  the  group  of  Fishes  not  as 
one  class,  but  as  including  three  Classes,  namely — 

I.  PISCES,  as  Fishes  proper   such  as  Rays,  Sharks,  Gar-pikes, 
Pipe-fishes,  Puffers,  Perch,  Cod,  Tautog,  Salmon,  etc. 

II.  MARSIPOBRANCHIATES,  as  Lampreys,  Hags.  etc. 
III.  LEPTOCARDIANS,  as  the  Amphioxus,  etc 

A  classification  quite  extensively  adopted  recognizes 
eleven  orders  of  Fishes.  It  is  essentially  that  of  Miiller 
as  modified  by  Owen  and  other^ ;  and  this  classification 
we  prefer  to  adopt  for  our  present  purposes.  In  connec- 
tion  with  this  we  also  indicate  the  four  groups  quite 
generally  recognized — Selachians,  Ganoids,  Teliosts,  and 


n.  CARTILAGINOUS 
FISHES. 


'  7.  Chondropterygil,  with  free  giUs,  as  Sturjjeons. 

8.  *'  with  fixed  gills,  as  Sharks  and 

Skates. 

9.  Cyclofltomi,  as  Lampreys,  etc. 


AccordiDg  to  the  earlier  writings  of  Agassiz,  Fishes  may  he  diyided  into 
four  Orders,  the  scales  being  taken  as  a  basis  of  classification,  tlms : — 

1.  Placoids  or  fishes  with  plates  or  scales  armed  with  a  point,  as  Sharks 
and  Rays ;  2.  Ganoids  or  fishes  with  enameled  scales,  as  the  Gar-pikes, 
etc. ;  3.  CrcLoiDS  or  fishes  with  rounded  scales,  as  Salmon,  etc. ;  and 
4.  Ctenoids  or  fishes  with  toothed  scales,  as  Perch,  etc. 

A  later  classification  of  Agassiz  regards  the  group  of  Fishes  as  Including 
four  Classes — 

I.  Selachians,  as  Sharks,  Rays,  etc. 
.    II.  Ganoids,  as  Gar-pikes,  etc. 

III.  Fishes  propeb,  Perch,  Salmon,  etc. 

IV.  Myzontes,  as  Lampreys,  Hags,  etc. 

Miiller  reco^izes  six  Sub-classes  of  Fishes,  viz.: 

T.  Teleostei,  as  all  ordinary  fishes. 
II.  Dipnoi,  as  the  Lepidosiren. 

III.  Ganoidei,  as  the  Gar-pikes,  etc. 

IV.  Elasmobranchii,  as  the  Rays,  Sharks,  etc. 
V.  Marsipobbanchii,  as  Lampreys,  Hags,  etc. 

VI.  Leptocardii  (Pharyngobranchii),  as  the  Lancelet  or  Amphioxns. 

Huxley,  RoUeston,  and  some  others,  regard  these  six  groups  as  Orders, 
and  place  the  Dipnoi  as  the  first.  Cope  recognizes  five  sub-classes  (sec  his 
papers). 
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Ganoids. 


Dermopters — writing  the  names  so  as  to  show  their  rela* 
tions  to  the  eleven  Orders  here  adopted  : — 

1.  PlaOIOSTOMI  or   Selachii  or  Elasmobmn.  1 

chii,  as  the  Rays  and  Sharks.  |^  ^ 

2.  HoLOCEPHALI     or     ChimiBroids.     as    the  [  SELACHIANS. 

King  of  Herrings.  j 

3.  PbOTOPTERI  or  Sirenoids  or  Dipnoi,  as  the 

Lepidosiren., 

4.  GaNOIDEI  or  Ganoids,  as   the   Sturgeons, 

Qar-pikes,  etc. 

5.  LOPHOBBAKCHII  or  Taft-gilled  Fishes,  as 

the  Pipe-fishes,  Sea-horses,  etc. 

6.  PlECTOGNATHI   or  Twisted-jawed  Fishes, 

as  the  Puffers,  Trunk-fishes,  etc. 

7.  ACANTHOPTEBI  or  Spine-finned  Fishes,  as 

the  Anglers,  Mackerels,  Sculpins,  Perch, 
etc. 

8.  AnaCANTHINI  or  Spineless-finned  Fishes, 

as  the  Flounders,  Soles,  Halibut,  Cod,  etc. 

9.  PhaBYNGOGNATHI  or  Gar-fishes  and  their 

allies,   as    th6  Gonners,  Tautog,  Flying- 
fishes,  etc. 

10.  MaLACOPTEBI   or  Soft-finned    Fishes,   as 

the   Pike,  Carp,  Salmon,  Herring,  Eels, 
etc. 

11.  DerMOPTERI    (including  Marsipobranchii)  ' 

or  Skin-finned  Fishes,  as  the  Lampreys, 
Myxines  or    Hags,  Lancelet  or  Amphi-   j 
ox  us,  etc.  j 


^  Teliosts. 


Debmoptebs, 


Sub-section  II. 

The  Obdeb  of  Plagiostomi  ob  Selachii  ob  Rays  and 

Shabes. 

The  fishes  of  this  group  are  often  called  Selachii  or 
Selachians,  because  they  have  a  cartilaginous  skeleton, 
the  name  Selachian  coming  from  the  Greek  word  seUichoSy 
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meaning  cartilage.  Tlicy  are  also  called  Flagiostoini, 
from  the  fact  that  their  mouth  has  a  peculiar  form  and 
position,  being  placed  transversely  on  the  under  surface 
of  the  head.  The  word  Plagiostomi  comes  from  two 
Greek  words,  plagioa,  oblique,  and  stoma,  a  mouth. 
And  they  are  also  often  called  Elasmobranchii,  from  two 
Greek  words,  etaetna,  a  strap,  and  hraychia^  Si'Ib,  from 
the  peculiar  nature  of  their  gills.  Instead  of  being  free  on 
their  outer  margins,  as  in  all  the  more  common  fishes,  the 
gills  of  these  fishes  are  fixed,  that  is,  they  are  attached  by 
both  margins ;  and  the  gill-openings  are  without  gill-covers. 


eUng  Emu,  Trygim  luatata,  Stonr.  HmnibBuk  Buy. 

The  fishes  of  this  great  group  that  are  known  under 
the  name  of  Bays  or  Skates  or  'Rxis,  have  the  body, 
except  in  a  few  species,  exceedingly  broad  and  flat,  with 
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the  month,  noetrils,  and  gill-opeDings  on  the  under  snr- 
fftce— the  eyes  being  on  the  upper  surface.  Their  teeth 
are  of  a  definite  form,  and  set  together  like  a  pavement, 


iMth  or  t,  Bar. 

and  are  suited  to  cmshing  Ebell-iish,  upon  ii-hieh  they 
mainly  feed. 

The  Riijv  v*i7  in  eise  trom  thoBn  two  or  three  feet  long  to  those 
known  «a  VkmpiTes.  which  Mtaia  the  moet  wouderful  dimensionB. 
One  of  these  t&ken  off  Hescink  weighed  over  half  a  ton.  Another 
taken  oS  Barbadoes  is  said  to  have  required  seTen  yoke  of  oxen  to 
diaw  It  I  And  l.ev&ll1ajit  tella  us  of  one  which  was  twentj-Gre  feet 
longftnd  thirty  feet  wide  I 

The  Rays  known  as  Torpedoes  are  famons  for  their 
electric  or  galvanic  power.  These  have  the  space  be- 
tween the  pectorals,  head,  and  the  branehiie,  on  each  side, 
filled  with  a  singular  apparatns  formed  of  little  mem- 
branous tabes  placed  close  together,  and  snbdivided  by 
horuontal  partitions  into  small  cells  filled  with  mncns, 
and  traversed  bv  nerves.  In  this  appanttns  resides  the 
electric  power.  Violent  shocks  are  received  by  comiov 
iu  contact  with  these  fishes  when  alive. 

The  fauions  Saw-fishes  (Fig.  39S)  are  selachians,  wfai<^ 
in  some  respects  are  like  the  Kays,  but  their  body  is  very 
iRQch  naiTOwer,  and  more  like  that  of  the  Sharks,  and 
they  have  one  feature  which  at  (wce  distingnishee  them 
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h.  hmin;  n.  ers  lod  nplic  anrrei  d,  stectrio  organs ;  n,  aplnil  nervei!  i 
uunnr;  nf,  pneomottutric  aerTea  going  to  tba  slei:trlD  otgnDi;  j^,  bru 
pnoMUog;  g,  giUi. 

tia.  tSS. 


aiv-Qab,  Friitii  anliqum-H-n,  lAtb. 

from  all  other  fieheg — a  long,  flat  BDOut,  armed  on  each 
side  with  pointed  spines  which  are  implanted  like  teeth. 
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Sliai-kB  or  Sqitali  are  selachians  which  are  more  or  leea 

tapering,  ajid  whicli  have  a  most  formidable  array  of  teeth ; 

j^  jjg  tlieir  gill-openings  are  on  the  sides  of  tlie 

neck,  instead  of  below,  as  in  the  Rays. 

Sharks  vary  from   three  feet  to  thirty 

feet  in  length. 

Of  tlte   large  sharks  it   may  be  said 

that  their  great  power,  formidable  teeth, 

and  great  ferocity,  make  them  dangerous 

antagonists.     Some  kinds,  as  the  "WTiite 

Sharks,  have    the    teeth  lancet^haped, 

Hc^ofUKkerai     gnd  serrated   on  their  edges,  and  they 

can   divide   a  man   at  a  single   bite  as 

smoothly  as  if  done  by  a  sweep  of  a  huge  eword. 

Fi«.aoo. 


Tiie  Sharks  present  considerable  diversity  of  form 
(Figs.  300-304).  The  Hammerheads  {Fig.  304)  have  the 
head  shaped  like  a  double-headed  hammer.    The  Spined 
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Dog-fishes  (Fig.  300)  have  the  dorsal  fins  fui-nished  with 
strong  spines.  Similar  fossil  spines,  more  than  two  feet 
in  length,  are  found  in  the  Devonian  and  Carboniferous 
rocks.  The  Cestraciont  SharkB,  around  Australia,  have 
the  mouth  furnished  with  a  pavement  of  bony  pieces,  for 
a  masticating  apparatus;  the  margins  of  their  jaws,  how- 


Threaher  Stuvk.  Alapiai  eulpri 


ever,  have  ordinary  teeth.    The  Threshers  (Fig.  302)  Iiave 
the  upper  lobe  of  the  tail  excessively  elongated. 

The  eggs  of  Sharks  and  Skates  are  in  the  form  of  an 
oblong  sack  with  the  comers  greatly  prolonged  into  strings, 
and  the  covering  is  hom-like  in  consistency.  The  young 
are  much  developed  before  the  eggs  are  laid ;  and  in  some 
species  the  yonnjf  are  hatched  in  the  body  of  the  parent, 
eo  as  to  make  thesofishesappearastrue  viviparous  animals. 
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HBrnmarliMia  Sh»rt,  ZygoHanaUau,  Tmlancleniwa ;  ud  Saw.lUll,  PrUtit  aniiflnonijn, 

According  to  Agaesiz  the  relation  of  parent  and  offspring 
ill  some  kinds  of  sharks  is  as  intimate  as  iu  the  higher 
niammals. 


HOLOCEFHALI   OB  CHIHiERAS. 


sub-sectioh"  iii. 
The  Obdeb  of  Holocgfha.li  ob  Chi 

The  Holoeephali  or  CLimseras  are  fishes  of  very 
remarkable  form  and  structure.  They  are  more  or  less 
allied  to  the  Sharks,  especiall;  ia  the  nature  of  their 
brancluEB,  which  have  the  same  etrueture  as  those  of  the 
latter,  but  tlie  live  passages  which  carry  the  water  from 
the  branchial  chambers  of  the  ChimsBras  unite  so  as  to 
form  only  one  external  opening ;  and  this  opening  is 
covered  by  a  rndimentary  opercnlnm. 

The  Chimeeras  have  no  upper  jaw,  the  fonr  upper 
teeth  being  supported  upon  the  front  of  the  skull ;  and 


Korthem  OhiniBta  or  Slug  at  Herrlsgi,  (Mm 

they  have  only  two  teeth  in  the  lower  jaw.  They  have 
no  backbone,  the  vertebral  column  being  represented  only 
by  a  chorda-doraalis  (see  page  32).  These  iiehee  are  three 
or  foar  feet  in  length  and  belong  to  the  cold  regions. 

The  name  Holoeephali  comes  from  the  Greek  holoe, 
whole,  and  h^kale,  the  head. 


tzktkbkata:  pieces  ok  fishes. 


SirB-6Bcno3r  IV. 

The  Obdek  of  Pbotoptebi  ob  Lephmokesb. 

The  acientific  Dame  of  tfais  order  comes  from  two 
Greek  words,  jmrtot,  Gtet,  aod  ptenm, »  wing  or  fin,  and  is 
given  lo  fishes  of  this  order  be«aose  thej  have  fins  only 
ill  a  rudiinciilarT  condition.     Tlioy  are  called  Lepidoeirena 


Pntoptenu  or  LepidoalreD  or  Mnd-Oih. 

or  Scaly  Sirens  from  their  resembUnce  to  tlic  batrachians 
of  the  latter  name,  already  noticed  on  page  242 — the  first 
part  of  tlie  word  coming  from  the  Greek  lepia,  lepidos, 
a  scale. 

This  order  is  also  called  Dipnoi,  from  the  Greek  din, 
two,  and^TKs,  breath,  in  allnsion  to  the  fact  that  the  Lepi- 
dosirens  are  provided  with  two  sets  of  respiratory  organs 
— both  gills  and  lungs. 

The  Lepidosirens  are  from  one  to  three  feet  lung,  are 
covered  with  scales,  and  are  fonnd  in  the  tropical  regions 
of  America  and  Africa.  By  nome  writers  they  have  been 
referred  to  the  Batraciiiaiia  or  Amphibians. 


6a:n^oidei  or  ganoids. 
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Sub-section  V. 
The  Obdeb  of  Ganoidei  ob  Ganoids. 

The  name  of  this  group  comes  from  the  Greek  word 
gcmos^  meaning  brightness  or  splendor,  and  was  given  to 
the  fishes  of  this  order  by  Agassiz,  on  account  of  their 
hard  shining  plates  or  scales.     The  Ganoids  include  the 

Fio.  308. 


Gar-pike,  Lepidostew, 


Gar-pikes  or  Lepidosteidse  and  their  near  allies,  and  the 
Sturgeons  or  Sturionidse.     The  f onner  are  covered  with 


Fio.  309. 


StnrgeoD,  Adpenser  oxyrhynchtu,  MitohelL 

hard  enameled  scales,  and  the  latter  are    protected  by 
bony  plates,  as  seen  in  Fig.  309. 

Sturgeons  inhabit  great  rivers  which  empty  directly 
into  the  sea,  and  they  swim  close  to  the  bottom,  turning 
up  the  mud  and  sand  with  their  snout,  and  feeding  on  the 
animal  and  vegetable  substances  which  they  find  by  the 
aid  of  their  feelers.  They  are  thus  real  scavengers  that 
perform  a  most  useful  work  in  ridding  the  bottom  of  the 
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etreame  of  tnnch  that  would  otherwise  teud  to  make  the 
waters  impare. 

Fossil  Ganoids  are  abundant,  especially  in  the  Devo- 
nian rocks ;  and  these  old  ganoids  were  of  enormous  size, 
and  of  the  most  wonderful  structure,  having  vertebrated 
tails  and  man;  other  reptilian  characteristics. 


StTB-SECnON  "VX 

The  Obduu  of  Lophobbanchu  oe  TtrFT-ou-LKD  Fishes. 

The  fishes  of.  this  group  have  their  giUs  in  small  tufts 
which  are  arranged  in  pairs  along  the  branchial  arches. 
The  name  Lophobranchii  is  from  two  Greek  words,  lophos, 
a  tuft,  and  hragckia^  gills. 


SeA-bone,  HippoeampuM  kudnmiut,  DekKj. 

Some  kinds  of  lophobranchs,  as  the  Sea-horses,  have  the 
tail  prehensile,  with  which  they  otten  cling  to  marine 
plants. 

The  Pipe-fishes — which,  with  the  Sea-horses,  belong  to 
the  family  of  Sygnathidse — are  remarkable  not  only  on 
account  of  their  form,  but  on  account  of  their  habits. 
When  the  eggs  are  laid,  the  male  receives  them  into  a 
sack,  and  carries  them  aboat  until  they  are  hatched  t     In 
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Bome  Bpecies  the  egg-sacks  are  oa  the  breast  or  belly ;  ia 
others,  on  the  tail. 


Sub-section  VII. 
The  Ordeb  of  Plectoonathi  oe  Pufpeeb,  etc. 


The  naine  Pleeto- 
gnathi  comes  from  the 
Greek  plectoa,  twisted 
or  conjoined,  and  gnOr 
thos,  jaw,  and  is  given 
to  fishes'  known  as  the 
Puffers,  tlie  Sun-fishes, 
etc.  or  the  Diodontidse, 
and  the  Trunk-tishes  or 
OstraeiontidEe,  all  of 
which  have  the  maxil- 
laries  and  preuiaxil- 
laides  fixed  together, 
and  the  whole  united 
firnaly    by    suture    to 


Snn-Flsb,  OrOtagariteui  mala.  Schieiber. 


TrODk-Plih,  Laetnphryi  canclinw,  Deka;. 


PaSer.  Ttlraedim  lurgidui,  Uitchell. 


the  craninin.     Tho  Puffers  have   the  power  of  greatly 
infiating  tliemselves  by  swallowing  air,  and  hence  their 
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name.  The  Sun-fishes  (Fig.  312)  have  the  tail  so  short 
that  they  appear  as  if  their  hind  parts  had  been  cut  off 
just  behind  the  dorsal  fin.  They  attain  a  very  large  size. 
The  Trunk-fishes  have  the  head  and  body  covered  with 
bony  plates  so  united  that  they  form  an  inflexible  shield ; 
the  mouth,  tail,  and  fins  being  the  only  movable  parts. 


Sub-section   VIIL 
The  Order  of  AcAirrHOPTERi  or  Spine-finned  Fishes, 

The  Spine-finned  Fishes  constitute  a  very  extensive 
group,  whose  members  are  easily  distinguished  by  the  fact 
that  spines  occupy  the  place  of  the  first  rays  of  the  dorsal 
fin,  or  alone  support  the  first  fin  of  the  back  whenever 
there  are  two  dorsals ;  or,  in  some  cases,  a  few  free  spines 
wholly  take  the  place  of  the  first  dorsal ;  and  there  is 
generally  one  spine  to  each  ventral  fin ;  and  the  first  rays 
of  the  anal  are  also  spines. 

These  fishes  abound  in  the  ocean,  in  lakes,  ponds,  and 
streams,  and  they  vary  greatly  in  form  and  size.     Some, 


FlO.  815. 


Fig.  316. 


Toad-fl9b,  Bar 
trachus  taUt 
Liu. 


Angler  or  Gtoose-Fish,  Lophius  americ<irt«»;  Cnvier. 
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like  the  Sticklebacks  (Fig,  293),  are  very  email,  being 
only  one,  two,  or  three  iiiclies  in  lengtli ;  otliers,  like  the 
Brcaius.aud  Perch,  Figs.  333  and  332,  are  six  to  twelve 
inches  in  length  ;  and  from  these  they  are  of  all  sizes  up 
to  the  Tannies  of  the  ocean,  wbicli  attain  the  weight  of  a 
thousand  ]>oiinds  or  more. 

Some  kinds  of  spiiie-tiniied  fishes  are  beautiful  in  form ; 
others,  as,  for  example,  the  Toad-fidies  and  Fishing-frogs,  or 
Lophidse,  of  the  ocean,  are  exceedingly  ugly  (Figs.  315-6). 

Some  kinds,  as  the  Lamp-fishes  or  Cyclopteridie,  liave 
a  curious  and  strange  strnetnre.  These  tielies  liavo  tlieir 
ventrals  imited  into  a  disk  fio.  sn. 

or  cnp-shaped  form.  By 
means  of  this  disk,  tliey 
are  able  to  attach  tliem- 
sclves  to  the  surface  of  t!ie 
rocks  with  great  firmness. 
Pennant  states  that,  upon 

putting   one  into   a  pail  of  Lomp-tsh,  CfelcpUrut,  LlmiKae. 

water,  it  adhered  to  the  bottom  so  firmly  that  he  lifted 
the  whole  pailful  by  taking  hold  of  the  fish  by  the  tail. 
They  inhabit  the  Atlantic,  and  are  about  a  foot  long. 


doradm,  Cuvier  and  TilencleDDM, 

Some  kinds  are  beantif  ul,  mainly  in  form ;  and  others, 
like  the  Dolphin  (Fig.  318),  have  colors  which  rival  in 
beauty  and  splendor  the  colors  of  the  rainbow. 


YERTEBBATA:   PI8CES  OB  FISHES. 


Fio.  319. 


Bel-poat,  Zoorces,  anguUlarift,  Storer. 


Some  kinds,  as  the  Eel-ponts  and  Wolt-iishes,  are  much 
elongated ;  the  latter  are  remarkable  for  their  formidable 
array  of  teeth. 

More  remarkable  than  any  of  the  spine-finned  fishes  yet 
named,  are  the  Sword-fishes,  which  inhabit  the  Atlantic 


Fig   1120. 


Fig.  321. 


SworcUfUb,  JUfMas  giadiust  Linn. 

and  Mediterranean,  and  which  attain  a  length  of  ten  or 
fitleen  feet,  and  which  have  their  upper  jaw  prolonged 
into  a  very  long  sword-like  beak. 

Many  of  the  Spine- 
finned  fishes  are  re- 
markable for  their 
trim  and  neat  ap- 
pearance. Such  are 
the  Mackerel,  Pilot- 
fish,  Blue-fishes,  etc. 
The  Pilot-fishes  have 
become  celebrated 
from  their  habit  of 
keeping  near    ships 


Mackerel,  Scomber  vemaliSt  Mitchell. 
Fig.  822. 


Pilot-fish,  NaucrcUes  noveboracenHi^  C.  A  Val. 
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peariug,  as  the  sail- 
ors understand  it,  to 
pilot  or  direct  tbem 
in  their  conrse ;  and 
hy  many  it  is  be- 
lieved that  these 
fisbeB  eometimes 
guide  the  shark  to  his  food  by  swimming  before  liim. 

To   the   Spine-finned    fishes    also 
belong  the  Mullets,  which  appear  in   ' 
many  species  in  both  fresh  and  salt 
waters. 


1,  Temnodon  aaUalor,  Cdt. 


The  famous  Chratodonta  of  the  East  Indies  are  spine- 
finned  fishes  which  have  the  remarkable  habit  of  spirting 
drops  of  water  so  as  to  hit  and  bring  down  insects  which 
they  see  above  them  I  (Fig.  326). 
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'^»-  '**•  The  Porgees  and  Sheepsheads 

or  Sparidse,  of  the  Atlantic,  are 
well-known  spine-finned  fishes, 
the  latter  of  which  have  their 
front  teeth,  much  resembling 
those  of  man ! 

Next  come  the  carious  and 
interesting  Scisenoids,  known 
under  the  familiar  names  of  Weak-fishes,  Sheepsheads  of 
our  Northern  and  Western  lakes,  Umbrinas,  Pogonias,  etc. 


Scnp  or  Forgee,  Pogrui  argyrops. 
Cut. 


PiO.  827. 


Weak-fish,  Otolithtu  regalis^  On  v.  &yal. 

The  Umbrinas  are  three  to  five  feet  long,  and  are  common 
in  the  Mediterranean,  where  they  swim  in  schools,  and 
are  said  at  times  to  utter  a  low  bellowing  sound  1  The 
Pogonias  or  Drums  of  the  Pacific  and  Atlantic  are  large 
spine-finned  fishes,  attaining,  in  some  cases,  a  weight  of 
a  hundred  pounds;  and  they  are  called  Drums  because 
of  the  loud  drumming  sounds  which  they  produce ;  but 
the  way  in  which  they  make  these  sounds  is  not  positively 
known. 

^<»-8«'  The  Sea-Eavens,  bet- 

ter known  as  Sculpins, 
and  the  common  Scul- 
pins or  CottidsB,  are  addi- 
tional examples  of  spine- 
finned  fishes  familiar  to 

Greenland  Scalpin,  CotttM  ffroBnlandiciM.         ^n       i        t    _      ^    xu^   -^« 
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coast.    And  to  these  we  ^"^  '^■ 

iii&y  add  the  Sea-RobinB 
or  Prionotidse,  and  Sea- 
Swallows  or  Daetylopte- 
ridse,  remarkable  fur  their 
large  pectoral  tins — those 
of  the  latter  being  so  ex- 
cessively developed  that 
tliese  Ushes  are  able  to 
sustain  themselves  in  the 
air  for  a  ehoii:  time,  thus 
reminding  ns  of  the  so- 
called  real  flying-tislies 
which  belong  to  another 
order. 


Soa^wiUoir,  Dactsloplervt  voUlant,  CnHa. 

But  no  fishes  give  a  better  idea  of  the  Acanthopteri 
than  the  Sass,  Bream,  and  Perch.  The  two  last  are  com- 
mon in  lakes,  ponds,  and  rivers,  and  vary  from  a  few 

Fia.  ass. 


ITellow  P«rch,  PtnaJtobeMBiu,  Cov. 


Breua.  nmaUi  tntigarii.  Cur. 


vertebbata:  piscbs  ob  fibhes. 


BCrlp«d  Bui,  Labrax  luitof  u,  Cmlei. 

inches  to  a  foot  in  length ;  and  the  Bass  are  of  various 
Bpecies,  varying  from  a  foot  to  four  feet 
in  length,  and  abound  both  in  salt  and 
fresh  waters. 

And  lastly,  we  may  mention  the  little 
StAr-gazers,  whose  eyee  are  so  plac 
that  they  appear  as  if  constantly  gazing   ' 
at  the  heavens. 


Sub-section  IX. 
The  Okdeb  of  Anacanthini  oe  Anacanths. 

The  fishes  named  Anacantbs  have  their  fins  without 
spines,  and  supported  by  flexible  or  jointed  rays,  and 
their  ventrals  are  either  beneath  their  pectorals  or  wholly 
wanting. 

Of  all  the  Anacanths,  none  are  more  important  than 
the  Cods  or  Gadid*e,  which  are  distinguished  by  their 
three  dorsals,  two  anals,  and  a  barbel  at  the  point  of  the 
lower  jaw.  Tlie  Cod  attains  the  weight  of  a  hundred 
pounds  in  some  instances.  The  Haddock  is  a  cod-like  fisli, 
generally  considerably  smaller  than  the  American  Cod, 
and  readily  distinguished  from  the  latter  by  its  jet-black 
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lateral  line.     The  whole  family  of  Code  inhabit  cold 
-waters,  and  are  rarely  tbnnd  iu  the  warm  re^ons;  and 


hence  all  the  extensive  cod-fisheries  are  confined  to  tem- 
perate aad  cold  regions. 

To  the  Anacanths   belong   the  strange   fishes  known 
under  the  name  of  Kemora  or  Echeneididie.     Upon  the 


head  they  have  a  flattened  disk  composed  of  transveree 
cartilaginous  lamina  directed  obliquely  backwardo,  and 
serrated  or  epiny  on  the  hind  edge,  and  movable,  bo  that 
by  creating  a  vacniim  between  them,  or  by  hooking  on  to 
various  bodies  by  means  o£  the  serrated  edges,  these 
fialies  can  attach  themselves  very  firmly.  Tliey  are  chiefly 
tropical ;  but  some  are  taken  on  the  coast  as  far  north  as 
Labrador.  They  are  often  fonnd  attached  to  other  marine 
animals.  They  are  from  twelve  to  thirty  inches  long. 
Bnt  more  strange  than  anv  other  fishes  belonging  to 
12" 
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this  order,  are  those  that  are  familiarly  known  under  the 
name  of  Halibuts,  Flounders,  Soles,  Turbots,  etc.,  or  Fleu- 
ronectidee.     These  tishes  have  the  body  fiat,  being  coin- 


preseed  verticallv,  %dA  both  eyes  od  the  same  side  of  the 
head,  the  sides  of  the  mouth  unequal,  and  a  dorsal  extend- 
ing the  whole  length  of  the  back.  The  side  upon  which  the 
eyes  are  placed  is  always  uppermost,  and  is  deeply  colored ; 
while  that  on  which  the  eyes  are  wanting  is  whitish. 
They  have  no  swimming-bladder,  and  seldom  quit  the 
bottom.  The  want  of  symmetry  between  the  two  sides 
of  the  fishes  of  this  family  is  seen  in  no  other  vertebrates. 
These  strange  fishes  all  belong  to  the  sea,  and  vary  in  size 
from  the  Flounders,  which  are  from  six  to  twenty  inches 
long  or  more,  to  the  Halibuts,  which,  in  some  cases,  attain 
a  length  of  six  or  eight  feet,  and  a  weight  of  six  hundred 
pounds. 

Sub-section  X. 
The  Order  of  Ph4btmqognathi,  oe  Gabs,  etc. 

The  well  known  "  Sea-Pereh "  or  Conners,   and    the 
Tautogs  or  Labrids,  and  the   Scomberesocidse  or  Gars 
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and  Flying-fisheB,  etc.,  have  the  bones 
known  as  tiie  lower  pharj'ngeals  unit-  j 
ed  so  as  to  form  one  boue ;  and  hence  ' 
the  name  of  this  gronp. 

The  Oars,  in  their  general 
form,  remind  na  of  the  Gar- 
pikes,  which  we  have  seen 
'belong  to  the  Ganoids;  but 
they  are  not  at  all  related  to 
those  fishes.  The  Gars  are 
one  to  two  feet  in  length,  and 
are  remarkable  for  their  form  iHt-flah,  j 
and  for  the  green  color  of  their  bones. 

The  Flying-fishes  have  an  excessive  development  of  the 
pectorals,  which  enable  thepossessors  to  support,  themselves 
in  the  air  for  a  few  moments.  These  •fishes  are  found  in 
all  warm  and  temperate  seas,  and  there  are  many  species 
fi'  .m  three  to  twelve  inches  in  length. 
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Sub-section  XL 

The  Obdee  op  Malacofteri  ob  Soft-pikned  Fishes. 

The  Fishes  of  this  order  have  the  line,  in  nearly  ail 
cases,  supported  by  eoft  or  jointed  rays. 


SUnrua,  Siiana  gl/mli. 

The  Siluridse — better  known  as  Cat-iish  and  Homed 

Pouts — have  the  skin  naked,  that  is  without  scales;  in 

p,o.  «8.  some  8])ecie8,  however,  the  skin  is 

covered  with  bony  platee.     And  in 

most  cases  the  head  is  depressed, 

and  has  several  fleshy  filaments  as 

appendages.    In  a  majority  of  cases 

Horned  poiii,  pimriodu,  aim-    they  SO  far  fail  to  conform  to  the 

"'    "  ■  order    of    Malaeopteri,   that    they 

have  the  first  ray  of  the  dorsal  and  of  the  pectorals  com- 
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posed  of  a  strong  and  very  sharp  spiDe,  which  is  eo  ar- 
ticnlated  that  the  fish  can  bring  it  close  to  the  body  or 
immovably  extend  it,  thns  making  it  a  dangerous  weapon. 
Some  species  of  the  Siluroids,  as  the  Silurns  (Fig.  342) 
of  Central  Europe,  attain  the  weight  of  two  or  three 
hundred  pounds. 

In  the  order  of  Malacopteri  comes  the  whole  array  of 
the  Carp,  Dace,  Shiners,  or  Cyprinidse,  and  the  Suckers  or 
Oacostomidee,  bo  abundant  in  the  fresh  waters. 

Quite  in  contrast  to  the  Carp  and  the  other  soft-iinned 
fishes  jnst  noticed,  are  the  various  members  of  the  group 
known  under  the  name  of  Pike  and  Pickerel  or  Esocidee. 


These  have  the  body  long,  the  mouth  very  large,  and  the 
single  dorsal  placed  very  far  behind. 


Salmon,  Saino  nliiT,  Llniuena. 

But  none  of  the  Malacopters  are  more  interesting  than 
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Fio.  34ft. 


tlie  Trout,  Salmon,  and  the  other 
members  of  the  large  and  highly  im- 
portant family  of  the  Sahnonidse. 

The  fishes  known  as  Alwives,  Shad, 
Pilchards,  Herrings,  etc.  or  ClupeidsB, 
are  malacopters  which  have  a  very 

compressed  body,  and  the  lower  portion  forming  a  more 

or  less  serrated  edge. 


Trout,  ScUmo  fonUnaiu, 
HitchelL 


Fio.  347. 
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Herring,  Clupea  elongata,  Le  Saenr. 


Blind-fiah,  AmblyoptU  tpeUnu, 
Dek. 


Very  different  from  any  of  the  Malacopters  hitherto 
noticed  is  the  Blind-fish  or  Amblyopsidae  of  the  Mam- 
moth Cave  in  Kentucky.  This  celebrated  fish  is  about 
three  inches  long,  and  the  vent  is  before  the  base  of  the 
pectorals,  at  the  point  indicated  by  the  dotted  line  in  the 
wood-cut,  and  the  eyes  are  concealed  under  the  skin. 

To  the  Malacopters  also  belong  the  various  families  of 
Eels — the  electrical  Eels  or  Gymnotidse,  the  common  Eels 


Fio.  340. 


Eel,  Anguilla  hodoniensu,  Le  Snenr. 

or  Anguillidse,  the  Mursense  or  MursenidflB  of  the  Romans, 
and  others. 

The  Electrical  Eels  inhabit  the  rivers  and  fresh-water 
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lagoons  of  the  warm  parts  of  South  America,  and  some 
of  the  species  are  five  or  six  feet  long,  and  are  able  to 
give  such  electrical  shocks  that  men  and  animals  are 
otlen  struck  down  by  them  when  they  go  into  the  water 
where  these  fishes  abound. 

The  Roman  Mursense  are  eels  common  in  the  Medi- 
terranean. They  were  highly  prized  by  the  Romans,  who 
kept  them  in  ponds  and  fed  them ;  and  they  had  a  cus- 
tom of  placing  them  alive  on  the  table,  in  crystal  vases, 
that  their  guests  might  admire  the  variegated  colors. 


Sub-section  XII. 

The  Order   of  Dermopteri  or  Marsipobranchii   or 

Lampreys,  etc. 

The  fishes  which  belong  to  this  group  are  the  lowest 
known  to  naturalists.  They  are  more  or  less  worm-like 
in  general  appearance,  and  have  neither  pectorals  nor 
ventral  fins,  and  the  vertical  fins,  even  when  present — in 
some  cases,  they  are  wholly  wanting — ^are  without  hard 
Fig.  350.  rays,  being  extremely  soft  and 

delicate.  Hence,  the  name 
Dermopteri,  from  the  Greek 
derma^  skin,  and  pteron^  fin. 

Lamprey,  Petromyzon  americamus.  Another  name  applied  tO  this 

order,  Marsipobranchu,  comes 
from  the  Greek  ma^dpos^  a  pouch,  and  hragchiaj  gills, 
and  alludes  to  the  pouch-like  gills  of  some  of  these  fishes. 
The  Dermopters  include  the  Lampreys,  Hags  or  Myxines  or 
Myxinidae,  and  the  Lancelet  or  Amphioxus  or  Amphioxidse. 
The  Lampreys  or  PetromyzonidsB  have  the  branchial  or 
breathing  organ  of  each  side  divided  by  transverse  parti- 
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tions  into  eeven  cavities  or  pouches  which  receive  water 
from  a  canal  which  is  distinct  from  the  oesophagus,  and 
which  has  as  many  lateral  holes  as  there  are  cavities ;  and 
they  have  seven  branchial  or  gill  openings  on  each  side  of 
the  neck ;  and  the  nostril  is  single,  tubular,  and  on  the  top 
of  the  head.  But  one  of  the  most  curious  features  of  these 
animals  is  the  mouth;  this  is  circular,  and  the  tongue 
moves  forward  and  backward  in  it  like  a  piston,  enabling 
them  in  this  way  to  produce  a  vacuum,  and  thus  to  fix 
themselves  firmly  to  stones  or  other  bodies.  The  word 
Petromyzon,  the  name  of  the  genus  which  contains  most 
of  these  animals,  comes  from  two  Greek  words,  petroa,  t3k 
stone,  and  muzo,  to  suck.  They  often  attach  themselves 
to  various  substances. 

Some  species  of  the  Lampreys  live  in  the  sea,  and 
ascend  rivers  to  lay  eggs ;  others  live  wholly  in  fresh- 
waters. 

The  Hags  or  Myxinidse,  like  the  Lampreys,  have  a  cir- 

Fia.  351. 


Hag  or  Myxine,  Myxine  limosa,  Girard. 

cular  mouth,  and  a  tongue  which  acts  as  a  piston  in  ex- 
hausting the  air  from  the  mouth,  thus  enabling  them  to 
fix  themselves  firmly  to  other  fishes. 

The  Amphioxus  or  Lancelot  is  the  lowest  of  all  the 
vertebrates.  So  little  does  it  appear  like  a  vertebrate, 
that  Pallas,  the  naturalist  who  first  described  it,  supposed 
it  to  be  a  slug  or  sort  of  snail-like  animal.  It  is  found 
among  the  rocks  of  the  sea-coast,  and  is  about  one  or  two 
inches  in  length.     It  is  partially  transparent,   has   no 
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Fio.  362. 


Lancelet  or  Amphioxns,  Branchiostoma. 


Bkeleton,  no  proper  head,  and  only  a  mere  longitudinal 
slit  for  the  mouth,  which  is  wholly  destitute  of  jaws  and 
teeth. 


Principal  Topics  Considbrbd  in  Chapter  II.,  Section  VI. 

SUB-SECTION  I. 
Fishes  ODnsidered  as  a  Class. Their  geiieral  stracture  and  functions. Classi- 
fication. 

SUB- SECTION  II. 

Plagiostomi  or  Selachii. Rays  or  Skates. Saw-fishes. Sharks. 

SUB-SECTION    III. 
Holocephali  or  Chimaeras. Their  strnctare  and  where  foond. 

SUB-SECTION  IV. 

Protopteri  or  Lepidosirens. Origin  and  meaning  of  the  name. Strnctare, 

size,  and  where  found. 

SUB-SECTION  V. 

Ganoidei. Gar-pikes. Sturgeons. Fossil  Ganoids. 

SUB-SECTION  VI. 
Lophobranchii. Origin  of  the  name. Pipe-fishes. Sea-horses. 

SUB-SECTION  VII. 
Plectognathi. ^Puffiers. Sun-fishes. Trunk-fishes. 

SUB-SECTION    VIII. 
Acanthopreri  or  Spine-finned  fishes. Toad-fishes,  etc. Lnmp-fishes. Dol- 
phins.  Eel-pouts. Sword-fi»hes. Mackerels. Pilot-fishes,  etc. Mullets. 

Choetodonti}. Porgees. Weak-fishes. Sculpins,  etc Perch.  — ■ 

Breams. Bass. Star-gazers. 

SUB-SECTION  IX. 
Anacanthi. Cods,  etc. ^Remora. Flounders,  Halibnts,  etc. 

SUB- SECTION  X. 
Pharyngognathi. ^Tautogs. Gars. Flying-fishes. 

SUB-SECTION  XI. 

Malacopteri. Cat-fish,  etc. Carp,  etc. Pike,  etc. Trout  and  Salmon. 

. Shad,  etc. Blind-fish. Eels. 

SUB-SECTION  XII. 
Dermopteri. Lampreys. Hags  or  Myzinos. Amphioxns  or  Lancelet. 


For  the  most  recent  Classification  of  Fishes  see  Dr.  Theodore  Giirs  "  Arrango 
ment  of  the  Families  of  Fishes."  SmUlmonian  MUceUamoua  CoUeetioru, 
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CHAPTER  HI. 

THE  ABTICULATA  OR  ARTICULATES. 

SECTION  I. 

THE  ARTIGULATA  CONSIDERED  AS  A  BRANCH. 

The  Branch  of  Articulata  includes  all  animals  which 
are  divided  transversely  into  rings  or  joints  more  or  less 
movable  upon  one  another,  and  which  have  no  internal 

Fio.  353. 


ArticnUte  aiiimal.    Earth-worm,  Lumbrieus  terretlriSf  Limuraa. 

skeleton,  but  whose  hard  parts,  even  when  present,  are  ex- 
ternal.    Hard  parts  are  wholly  wanting  in  many  cases. 

The  limbs — when  present — are  also  composed  of  rings 
or  segments.  In  a  word^  the  Articulates,  in  their  struc- 
ture, are  essentially  jointed  cylinders  more  or  less  modified. 

The  external  covering  of  the  Inaecta  and  Crustacea — the  two  highest 
classes  of  the  Articulates — is  hornlike  in  appearance,  and  oonsista 
mainly  of  a  substance  which  chemists  call  chUine, 

All  articulate  animals  very  distinctly  exhibit  bilateral 
symmetry ;  that  is,  the  parts  are  alike  on  the  two  sides  of 
the  median  line  of  the  animal.  And  there  is  also  more  or 
less  of  antero-posterior  symmetry,  or  correspondence  be- 
tween the  anterior  and  posterior  half  of  the  animal. 
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The  alimentary  canal  of  tlie  Articulates  lies  in  the  central  _ 
line  of  the  body;aboveit  is  the  dorsal  vessel  or  heart,  which 
is  the  principal  organ  of  the  cii-culatory  Bystem,  arteries 
and  veins  being  but  little  developed,  the  blood  ocenpying 
all  spaces  not  tilled  by  the  internal  organs  and  tissues. 


The  nervons  system  consiBts  of  a  sort  of  brain  lying  above 
the  cesophagufl,  from  which  two  threads,  passing  around 
the  oesophagus,  e^end  beneath  the  ^imentary  canal,  along 
the  floor  of  the  general  cavity  of  the  body,  and  connect  at 
certain  distances  small  nervons  centers  or  ganglia,  whence 
arise  tlie  nerves  of  the  body  and  limbs.  Each  of  these 
nervous  centers  seems  to  fulfill  the  functions  of  a  brain  to 
the  snrr^tinding  parts,  and  preserves  their  sensibility  for  a 
greater  or  less  length  of  time  after  the  animal  has  been 

•  FlRB.  354,  357-380,  383-*,  386,  383-4, 436,  443,  487,  469,  4TO,  472,  474,  from 
FBchard's  "  Guide  to  the  Study  of  Insects." 
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divided.  The  number  of  these  nervous  centers  is  gener- 
ally the  same  as  the  number  of  the  segments  (somites)  of 
the  body. 

The  Branch  of  Articulata  is  the  equivalent  of  the  Sub- 
Kingdoms  of  Arthropoda  and  Vermes  recognized  by  some 
authors.*  It  is  also  about  the  same  as  the  Annulosa  of 
Huxley.  The  Articulate  plan  is  carried  out  in  three  dif- 
ferent ways,  giving  three  Classes : 

INSECTA  or  ImiecteanB,  or  articulate  animals  whose  respiration 
is  4Sn^;  their  respiratory  apparatus  consists  of  a  system  of 
air-tubes  or  tracheie — in  some  cases,  as  in  Spiders,  of  lung-like 
cavities — which  receive  air  through  air-holes  or  stigmata  on 
the  sides,  or  posterior  part  of  the  body ;  as. Bees,  Butterflies, 
Flies,  Beetles,  Bugs,  Grasshoppers,  Spiders,  Centipedes,  etc. 

n.  CRUSTACEA  or  Crustaceans,  or  articulates  which  are  aquatic 
in  their  mode  of  respiration  ;. their  respiratory  apparatus  con- 
sists of  gills  or  branchiiB.  These  articulates  are  covered  with 
a  hardened  skin  or  crust ;  as  Crabs,  Lobsters,  Shrimps,  Sand- 
fleas,  Barnacles,  etc. 

m.  VERMES  or  Worms,   or  the  simplest  forms   of   articulates,  or 

,  those  made  up  of  many  similar  segments,  with  no  division 

into  regions  such  as  are  seen  in  Insecteans  and  Crustaceans, 

but  like  the  latter  effecting  respiration  by  means  of  gills  or 

gill-like  organs,  and  living  in  water  or  in  moist  places.  \ 
—  —  .  I  ,  ^ 

*  Gegenbaur,  Rolleston,  and  some  others,  recognize  seven  Branches  or 
Sub-Kingdoms,  thus : 

Sub-Kingdoms     1.    Ybbtbbrjlta..      2.    Mollusga..      S.    Abthbopodjl. 

4.   VeBMKS.     5.  £CHINOnEBMA.TA.      6.   CaSLBlTTBBATA.      7.   PbOTOZOA.. 

Abthropoda.  (Insects,  Spiders,  Myriapods,  and  Crustaceans),  and  Vebmbs 
(Worms  proper  and  their  allies),  in  tliis  classification,  are  equivalent  to  the 
old  Branch  Articidata,  And  the  Echitsodebmata.  (Sea-cucumbers,  Sea- 
urchins,  Star-fishes,  and  Crinoids),  and  Coblbntebata  (Jelly-fishes  proper, 
Polyps,  and  Hydroids),  are  equivalent  to  the  old  Branch  Maduxta, 

The  word  Vertebrata  comes  from  the  Latin  verto^  to  turn ;  Articulata,  from 
the  Latin  artieultta,  diminutive  of  artus^  a  joint ;  Mollusca,  froni  the  Latin 
moUia,  soft ;  Radiata,  from  the  Latin  raditts,  a  ray  or  spoke ;  Abthropoda, 
from  the  Greek  arthronj  a  joint,  and  p<w«,  a  foot ;  Vernies,  from  tvrto,  to 
turn ;  Echinoderroata,  from  the  Gr.  echinas,  a  hedgehog,  and  derma^  skin ; 
Coelenterata,  from  the  Gr.  kcilos^  hollow,  and  entera^  viscera ;  and  Protozoa, 
from  the  Gr.  protos^  first,  simplest,  and  zoim^  animal. 


SECTION  II. 

THE  CLASS  OF  INSECTA  OR  INSECTEANS. 

SUB-SBOTION  L 

The  Iksecta  Considered  as  a  Class. 

The  vast  numbers  of  insects,  their  varied  forms,  beauti- 
ful and  in  many  eases  splendid  colors,  their  wonderful 
structure  and  transformations,  and  their  not  less  wonder- 
ful instincts  and  habits,  and  the  intimate  and  important 
relations  which  they  sustain  to  otlier  animals  and  to  Man, 
combine  to  render  the  study  of  Entomology — from  the 
Greek  entomon  an  insect,  and  logo^  discourse — exceedingly 
fascinating  and  highly  important.    • 

The  important  relations  which  insects  hold  to  man,  and  the  corre- 
sponding importance  of  Entomology,  are  but  little  understood  except  by 
those  who  have  given  some  attention  to  these  animals  and  to  this  im- 
portant branch  of  science.  Few  realize  the  fact  that  some  kinds  of 
insects  destroy  millions  of  dollars  worth  of  property  annually  in 
every  country,  and  that  other  kinds  furnish  the  world  with  many  of 
the  comforts  and  even  with  the  luxuries  of  civilized  life — with  silks, 
satins,  and  velvets,  ^nd  with  dyes  whose  fame  is  as  old  as  history  and 
as  wide  as  the  civilized  world  ;  and  even  with  every  drop  of  black  ink 
used  by  the  schoolboy,  accountant,  philosopher,  and  poet. 

Insects  are  articulates  whose  respiratory  apparatus  gen- 
erally consists  of  a  system  of  air-tubes  which  branch 
throughout  the  animal,  and  which  receive  the  air  through 
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air-lioles,  called  etigmata,  arranged  along  the  sides  or  pos- 
terior part  of  the  body ;  some  kinds,  however,  effect  respi- 
ration by  means  of  bmg-like  cavities  in  the  body. 


Beiplntorr  ■pptT^"  "*  •"  InMCt-Wmter  Boorpina.  enltfg^. 
i  baa-.P.P.P.hmKOt  fl™t,  iecoud.  .nd  third  p«r  of  fest ;  t.  flnt  ring  of  tha 
thorti ;  «..  b««  of  wlngi ;  or.  rtrtal  YMiclss  ;  Ir,  tr»che»  ;  f.  itignuM. 

As  in  all  other  artienlated  animals,  the  alimentary 
canal  of  Insects  oeeupies  the  central  line  of  the  body,  and 
sboTe  it  is  the  dorsal  vessel  or  so-called  heart  (Fig.  354). 
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Insects  constitute  by  far  the  largest  class  in  the  Animal 
Kingdom.  About  200,000  species  of  insects  are  already 
known,  and  the  whole  number  may  be  safely  estimated 
as  high  as  300^000  species.  The  species  are  mostly  small 
— many  are  microscopic  in  size ;  but  some  kinds  in  the 
warm  regions  are  several  inches,  even  a  foot,  in  length. 
The  average  length,  however,  is  probably  much  less  than 
one  inch.     This  vast  class  comprises  three  Orders : 

(1.  HeXAPODA  or  Six-footed  Insects  or  Insects  proper ;  witli  body 
^^  exhibiting  three  distinct  regions  ;  generally  two  pairs  of  wings 

— ^in  some  kinds  the  wings  are  wholly  wanting,  and  the  Flies 
and  their  allies  have  only  one  pair  of  wings — ^three  pairs 
of  thoracic  legs ;  both  compound  and  simple  eyes ;  and  in 
passing  from  the  egg-state  to.  maturity  they  undergo  a  more 
o^less  complete  metamorphosis. 
2.  AraCHNIDA  or  Spiders,  with  the  body  exhibiting  only  two  dis- 
tinct regions,  a  cephalo-thorax  and  an  abdomen  ;  no  wings  ; 
four  pairs  of  thoracic  legs ;  in  many  cases,  three  pairs  of 
jointed  abdominal  appendages ;  simple  eyes ;  no  antennae ; 
and  in  passing  from  the  egg  state  to  maturity  they  undergo 
no  metamorphosis. 

[  3.   MyRIAPODA,  as  "Galley- worms,"  Centipedes,    etc.;    with  the 

I  body  worm-like,  exhibiting  no  grouping  of  the  segments  into 

j  regions  in  the  adult  state  ;  no  wings ;    "  feet "  numerous ; 

head  free ;  antennae  present ;  eyes  simple ;  no  metamorpho- 
sis, except  that  the  yolk-sac  is  present  a  short  time  after 
hatching. 


^ 


•M 


I 
I 


SuBrSECTION   11. 

^   The  Order  op  Hex  apod  a  or  Insiscts  Proper.      ' 

The  Insects  proper(<^r  the  best  representatives  of  the 
great  gronp  of  the  Insecta  in  general,  are  insects  whicli 
have  their  body  divided  into  three  plainly  marked  regions 
— the  head^  tJwrax,  and  hind  body  or  abdomen.    The 
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head  is  furnished  with  mouth,  eyes  and  anienrus  ;  to  tlie 
thorax  are  appended  the  Uga  and  winga;  and  theabdo- 
Fiu.  964.  Flo.  ten. 


men  containe  the  principal  orgcms  of  digestion  and  ot}ier 
TiBcera,  and  to  it  also  belong  the  piercer  and  eting  with 


kjaJufOij  of  ui  Iiu£ct — Spinia  \igiaifi. 

Mi,  ipin]  tongiu  or  modUlsd  miilUie  ;  Ip,  tebUl  palpl ;  ae.  nllmBTilar]'  cuul,  fbrm- 

Ing  >  stnlglit  tube  In  the  b«il  ind  thoru,  bat  ■  crop  and  cb^Le-fOrming  ■tonucb  In 

mui  la  tha  bwd  i  nw,  nervoni  lbr»da  going  to  the  wlngi  ;  ds,  doml  TcHel  or 
lie«rt ;  "I,  netvom  tbresdg  going  to  the  leg*  ;  u.  nrlnuy  veiielB  ;  and  r,  roprodno- 
On  otgaa:  S-IO,  secmmts  of  the  thorn;  11-ao,  Hgmenti  of  tbe  abdomen.* 

which  many '  kiiids  of  insects  are  provided.  Insects 
proper  have   only   six  legs— and  hence  are  often  called 

•  According  to  the  latoat  riewg.  tliere  are  four  BepnentB  In  tlie  bead  of 
Hex&pnds ;  tiro  In  the  head  ot  Araclinlds ;  and  tour  In  tbe  head  o(  U;ri>> 
pods.— Packard. 
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Hexapod  Insects — and  tliese  are  attached  to  the  nnder  side 
of  the  thorax,  one  pair  to  each  of  the  three  rings  of  which 
the  thorax  is  composed.  The  leg  consists  of  the  hip- 
jointy  bj  which  it  is  fastened  to  the  bod/,  the  thigh,  the  "■ 
ahank,  and  the  /oot,  the  last  consisting  generally  of  five 
pieces  placed  end  to  end  and  called  tarsi,  and  generally 
armed  at  the  end  with  one  or  two  claws.  The  fore  legs 
are  directed  forward,  and  the  two  hind  pair  backward. 
The  wings  are  normcUl^Jour,  but  in  some,  as  in  FHe&,  etc., 
there  are  only  two,  and  in  others,  as  in  Fleas,  etc.,  these 
organs  are  wholly  wanting. 

The  wings  of  ineecta  are  at  first  little  soft  sac^Uhe  bodiee  contain- 
ing trachera.  Thejgrow  trom  the  aide  of  tke  thorax  of  the  pnpa  at 
Iiointa  aboTO  the  ineertion  of  the  legs.  During  the  pupa  stage  thejr 
are  pad-lika,  bat  when  the  papa-sklD  Is  shed,  tliej  rapidly  expand 
withair  and  tiecome  broad  and  delicate  wings.  '  The  wiagt  of  insect) 
are  thut  rimply  expantumt  of  the  general  eotering  of  the  body  gpread 
over  a  net-mork  of  hom-Kke  mn«  or  fuiMj^Theee  tubes  are  double, 
oonaiBtiog  of  a  central  ur-tube  enclosed  within  a  larger  tal>e  filled 
with  blood ;  and  hence  the  aeration  of  the  blood  is  also  carriRd  on  in 
the  wings,  and  thus  theaa  organs  serve  the  purpose  both  of  respira- 
tory organs  and  of  flight.    And  it  may  be  farther  remarked  here  that 


Forewlagaf  aSiH-fly  Bbowliig  Venattgn. 
c.  cotilal  vein:  K.  mlMoital;  »,  medlu;  fm.  mb-medlan;  I,  Intemali  and  Ibe 
■pices  iDclMsd  bj  tba  tsIds  ne— golog  from  the  rront  edge  backwird^tbe  coital. 
■nb-coataJ,  medlu,  lab^uedlau.  and  totecaal  oella.    Tbe  apsqae  space  la  oUed  tLe 
ptenttiffma.  « 

the  number  and  position  of  these  veins  or  tubes  are  of  very  great 
importance  In  nUsslfyiag  the  genera  and  species  of  insects.  The 
typical  Dumberof  primary  veins  is  five.  They  diverge  from  the  base 
of  the  wing,  and  divide  into  veinlets,  from  which  cross  veins  arise, 
13 
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mltogether  forming  a  net-work  of  veinB  and  veinleta.  The  five  main 
Teins^  beginning  at  the  front  edge,  are  the  eottal,  the  mb-ea&tal,  the 
median,  the  mb-median  and  nUemaL  Sometimes  the  median  divides 
Into  two.  The  front  or  costal  rein  is  nndiyided  ;  the  sab-oostal  and 
median  are  divided  into  several  Inanches ;  the  sab-median  and  inter- 
nal are  generally  ample. 

The  pieroer  mentioned  above  is  propeilj  an  oyipodtor, 
and  18  in  some  cases  a  jointed  tnbe,  andis  nsed  for  con- 
dneting  ^gs  into  holes  where  thej  are  to  be  left  to  be 
hatched ;  in  other  cases  it  is  a  scabbard  containing  a  cen> 
tral  borer,  or  saws  in  some  cases,  which  are  nsed  in  making 
holes  in  which  egg&  are  to  be  deposited.  The  gtzng  with 
which  many  insects^  as  bees  and  wasps^  are  provided  is 
merely  a  modified  (nripositor^  and  consists  of  a  sheath  cov- 
ering a  sharp  instrument  for  inflicting  wounds,  and  con- 
necting with  it  inside  of  the  body  is  a  sac  of  poison.    \. 

The  digestive  system  of  insects  is  quite  complicated.  It 
consists  of  a  mouth  variously  modified  in  the  different 
groups,  a  pharynx,  a  gullet,  a  first  stomach  or  crop,  a  sec- 
ond stomach  or  gizzard,  a  small  intestine,  etc.  In  some 
kinds  the  mouth  parts  are  modified  for  biting  and  chew- 
ing purposes;  in  others  they  are  so  modified  as  to  be 
adapted  for  sucking  organs.    Tlie  parts  called  mandiUes 


A>  BnOe  ;  B*  OiiMli«|i|wr  ;  C>  1>ngon4tj ;  D>  Wa^ ;  E>  Bedims,  pn 
mandibles,  laaTflte.  and  Ubiam  are  nmted  to  form  the  beekor  jofatediarliiff)  ;  r> 
M OHiiiifto  (witiK  teteUe-Bke  menitiMpe) :  (^  Oock-cfaafer. 

are  situated  on  each  side  of  the  mouth  opening,  and  they 
varv  greatly  in  form  and  size.    They  usuaUy  consist  of 
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a  single  joint ;  and  this  joint  or  part  is  often  enbdivided 
into  three  parts,  each  ending  in  a  sort   of  tooth  for  the 


I>lgwti<e  ApptcatQs  oTiD  Iiueot— Beetle  H*guM«d. 


purpose  of  entting  food,    Tlie  cntting  edges  are  opposed 
to  each  other,  or  overlap,  and  their  motion  is  horizontal 


ABTICULATA:  IN8E(7IA. 


Catapaand  vjm. 


FilpUer  or  pilpii*  baaer. 


Fuagloau  or  liUnl  lobes  of  tbe 

Uenl*  or  toDgna  stUcbetl  at  the 
hue  of  theUblmo. 


FrODt  TlwT  of  tba  Bod  of  ■  Bw. 
no.  303. 


Dr-jotnt«d  palpus ;  B,  men- 
,_._.  ..  bpalpoB. 

or  sidewise,  iuetead  of  vertical,  as  ia  the  motiou  of  the 
jaws  of  vertebrated  animals.  The  parts  called  Tnaxillw 
are  much  more  complicated  organs  than  the  mandibles, 
and  are  inserted  on  the  ander  side  of  the  head,  and  just 
behind  the  month.  Their  fimction  is  to  seize  food  and 
retain  it  within  the  mouth  and  to  aid  the  mandibles  in 
comminuting  it.  Each  maxilla  consists  of  a  basal  jomt, 
beyond  which  it.ie  divided  into  three  lobes— namely,  the 
footstalk,  the  palpns-bearer,  and  the  blade.  Thema^Olar^f 
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palpi  are  slender,  jointed  organs,  very  flexible  and  eensi- 
tive. 

A  highly  developed  circulatory  Bystem  is  wanting ;  but 
jnat  under  tlie  covering  of  the  back  there  is  a  long  tabs 
which  is  called  the  heart,  and  this  organ  performs  regular 
alternate  movements  of  contraction  and  dilatation.  The 
blood  enters  this  tubular  organ  by  openings  along  its  sides, 
the  openings  being  furnished  with  valves  which  prevent 
its  return,  and  the  blood  escapes  st  the  forward  end  as 
the  organ  contracts,  and  thus  the  blood  is  kept  in  motion 
throughout  the  interior  of  the  animal.  The  blood  of  In- 
sects is  coiorlesB,  and  it  fllls  all  the  inteinor  of  the  animal 


CtMB  MCtion  of  »n  Imeci—Bee  -  •howlng  pn«ItlOD  of  stlgmaU,  tit  tnbei,  etc. 

«i,  BtlgmiU  opeoing  into  tbe  tncha«i  dv.  doml  reusl  o(  he»rt-  oc  aUmentarT 
aiai;  ng,  mtooi  gingll*. 

not  occupied  by  internal  organs,  and  it  permeates  the  tis- 
sues of  the  organs  themselves. 

The  respiratory  system  is  very  different  from  that  of  the 
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higher  animals.  On  the  iiidee  of  the  body  are  breathing- 
holes  or  Btigmata,  generally  nine  on  each  side,  and  these 
open  into  air-tobee  called  tracheae,  which  branch  through- 
out the  body,  carrying  air  into  every  part,  and  thus  aerat- 
ing the  blood  in  the  most  perfect  manner,  and  thereby  fit- 
ting these  animals  for  rapid  and  long-continned  motion. 
These  air-tubes  each  consist  of  two  inembranee  enclosing 


Pnp.orCwroii«M.>tl.-Mi.«..iremnw.l- 

rorlion  nf  ■•  l~>hriw  enl.rgell. 
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uWlUA,  ud  tbs  p^-Uka  memben  whicb  In 

uroond  thB  tnolie.  M  .t  «; 
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bnneh. 

between  them  a  spirally-coiled  fiber,  thereby  giving  them 
great  strength  and  flexibility. 

The  muscular  system  of  Insects  consists  of  straight 
fibers,  more  or  lees  isolated,  and  not  gathered  into  handles 
as  in  the  vertebrates,  hut  in  many  cases  they  are  striated, 
88  in  the  latter  branch.  The  muscles  are  colorless,  or 
transparent,  or  yellowish-white,  and  very  soft.  The  mus- 
cles are  exceedingly  numerous.  Lyonnet  found  3,993 
muscles  in  a  single  larva,  228  of  these  being  in  the  head. 
The  mnscular  power  of  Insects  is  enormous.  It  is  stated 
that  the  flea  can  leap  two  hundred  times  its  own  height ; 
that  beetles  have  been  known  to  gnaw  throogh  lead  pipes ; 

1^'  :  ■  ■■'■ 
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and  that  the  Enropean  Stag-beetle  {Lucanus  cermis)  has 
guawed  a  hole  an  ioch  in  diameter  throagh  the  side  of  an 
iron  canister  in  which  it  was  confined  1 

Their  nervous  BjBtem,  as  already  stated,  consists  of 
a  series  of  ganglions  or  knots  of  nervous  matter  con- 


nected by  two  longitudinal  nervous  cords  or  threads ;  and 
these  are  situated  along  the  ventral  side  of  the  animal, 
connected,  however,  with  a  nervons  centre  in  the  bead. 
From  these  ganglia  arise  the  nerves  of  the  body  and 
limbs  (Figs.  358,  364,  and  367). 

The  organs  of  sight  in  Insects  consist  of  ocelli  and 
eyes.  Theoretically,  the  ocelli  are  the  most  anterior  organs 
of  the  head,  bnt  in  the  process  of  development  they  are 
carried  backward,  so  that  in  the  adult  insect  they  appear 
on  top  of  the  head.  The  ocellus  is  the  simplest  form  of 
the  eye. 

The  ocellus  conaiiita  of  a  "  very  convei,  Bmooth,  single  cornea, 
beneKth  which  la  a  spherical  cryBtalHne  lens,  resting  upon  the  plano- 
convex surface  of  the  expanded  vitreous  humor,  the  aiudc^ne  of  the 
transparent  cones  of  the  compound  ejes." 
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aectloa  of  the  Eys  of  tbe  Gookctaff  r  [Mtlelimaa  B,  b  portion  of  A  mors  hlBblf 

wignria),  hlRhly  magoKUd.  m^nlfled. 

a,  Ikceta  of  the  corneie  ;  b.  pjTiHnlds  anrroimdid  with  pigment ;  c,  Bbna  of  the 
optic  uerva  ;  d,  tnrnk  of  tbe  optlo  neTve. 

The  ocelli  constitate  the  only  Tisnal  organs  of  most  of 
tiie  Myriapods,  o£  all  the  Arachnids,  and  of  the  larvEB 
of  many  of  the  Ilexapod  Insects,  The  number  oE  ocelli 
in  adult  insects  is  generally  three.     {See  Fig.  362.) 

The  real  eyes  of  Insects  are  compound,  being  made  up 
of  a  very  many  simple  eyes.  During  the  development  or 
growth  of  the  insect  the  simple  eyes  of  the  larvro  increase 
in  number,  and  at  length  coalesce  to  form  the  compound 
eye.  The  number  of  fecets  or  oorneee  in  the  compound 
eye  is  very  great  in  some  kinds  of  insects,  3,650  having 
been  counted  in  the  eye  of  a  butterfly.  The  form  of  the 
facets  is  generally  hexagonal,  but  in  some  species  it  is 
quadrangular. 

As  to  tbe  organs  of  hearing,  smell,  taste,  and  tonch,  but 
little  is  positively  known.  The  antennse  seem  to  serve 
the  purpose  of  feelers,  and  it  is  believed  that  they  are 
also  connected  with  the  sense  of  hearing.  But  it  should 
be  remarked  here  that  Siebold  found  an  auditory  appara- 
tus in  the  fore  legs  of  some  species  of  grasshoppers. 
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Insects  are  produced  from  eggs,  which  are  hatched  after 
they  are  laid  in  some  favorable  place ;  or,  ia  some  cases, 
they  are  hatched  in  the  body  of  the  parent  insect,  and 
then  brought  forth  as  moving  forms. 

In  passing  from  the  egg  state  to  the  adnlt  state,  Insects 
nndergo  great  changes  of  form  and  habit.  These  changes 
are  called  tratisformMiona  or  metarruyrphoses  ;  and  they 
are  so  great  in  most  eases  that  the  same  insect  at  differ- 
ent ages  may  easily  be  mistaken,  by  one  not  an  entomolo- 
gist, for  as  many  different  animals.  There  are  at  least 
three  more  or  less  distinctly  marked  forms,  or  stages,  or 
states  in  the  life  of  every  insect  after  it  leaves  the  egg — 
the  Larva  (Figs.  370,  371,  374),  the  P'uj>a  or  Chrysalia 
(Figs.  365,  372, 375),  and  the  Imdao  state  {Figs.  373, 376). 

In  the  la/rva  state  Insects  are|more  or  lees  worm-like, 
and  consist  of  thirteen  or  more  apparent  segments,  one  of 


Polypbemiu  UoOi,  X^taptlyplienvi,  F 


these  being  the  head  ;  and  they  pass  most  of  their  time 
in  eating,  and  as  a  consequence  of  this  they  grow  very 
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rapidlj.  When  the  larva  of  an  insect  has  attained  ita 
fnll  growth  as  a  larva,  it  retires  to  eotne  suitable  place, 
and  in  many  cases  it  spins  a  silken  covering  called  a 
cocoon,  then  sheds  its  skin,  and  appears  as  a  much  short- 


Oocogn  of  SUk-wenn  Uoth  iTrUa  Peti/pfutmai),  Cocnou  of  Tent  Oterptllu', 

wnf^ied  in  a  lc*f-  CUnocampa  anurxcona. 

ened,  oblong,  oval,  or  conical  body,  apparently  lifeless  ; 
in  this  form  it  is  called  ttjmpa  or  chrysalis.  In  a  major- 
ity of  species,  however,  no  silken  covering  or  cocoon  is 
made ;  but  in  such  cases  tlie  pnpa  is  essentially  of  the  same 
form  as  tliose  enclosed  in  a  cocoon.  At  tlie  end  of  tho 
pupa  state,  which  varies  greatly  in  duration  in  the  differ- 
ent species,  the  insect  sheds  its  pupa  ekin  and  comes  forth 
fully  grown,  and  in  most  species  provided  with  wings ; 
and  in  this  state  it  is  called  a  perfect  insect  or  imago. 
e  really  already 

After  insects  enter  upon  the  adnit  or  imago  state  they 
do  not  increase  in  size.  They  now  provide  for  a  con- 
tinuation of  their  species,  and  then,  in  most  cases,  soon 
perish. 

All  insects  which  pass  through  the  changes  described 
above  are  said  to  nndergo  a  complete  metamorphosis  or 
transformation. 


^' 
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But  there  are  some  kinds  of  insects  which  do  not  ap- 
parently pass  through  all  the  changes  enumerated  above, 
^but  whose  larvse  pass  by  insensible  gradations  to  the  pupa 
state,  and  from  the  latter  to  the  perfect  insects,  all  the 
while  remaining  in  a  state  of  activity.  These  are  said  to 
undergo  only  ^j^a/rtial  i/rcmsformation. 

The  grasshopper,  for  example,  is  hatched  from  the  egg  as  a  wingless 
insect.  It  eats  voraciously,  grows  rapidly,  hops  about  without  the 
use  of  wings,  sheds  its  skin  more  or  less  regularly,  and  appears  after 
each  shedding  with  longer  wings  and  more  completely  developed 
limbs,  until  at  length  it  ceases  to  grow,  and  then,  shedding  the  skin 
for  the  last  time,  comes  forth  an  imago  or  adult  grasshopper. 

The  larvflB  of  those  insects  which  undergo  only  a  par- 
tial transformation  have  only  six  legs,  the  same  as  adult 
insects.     Of  the  larvae  which  undergo  a  complete  trans- 
formation, some  kinds,  as  maggots,  have  no  legs ;  others 
no.  879.  ^^y^  a  pair  of  legs  to  each  of  the  three 

first  segments ;  others  have  a  pair  to  each 
of  the  three  first  segments,  and,  besides 
these,  several  fleshy  legs  placed  beneath 
the  abdominal  segments,  and  known  as 

«'  Measare-worm  "  —  ■■ 

Larva  of  a  Geomet-       prop-lCgS. 

rid  Moth,  with  two        lusccts  propcr  may  be  divided   into 

pair  of  prop-legs.  d    i_        j  xi 

seven  groups  or  Sub-orders,  thus : 

1.  HtmeN'OPTERA  or  Membrane-winged  Insects  ;  with  four  mem- 
branous wings  traversed  by  a  few  irregularly  branching  veins ; 
four  jaws,  the  upper  pair  homy,  and  the  lower  longer  and 
softer  ;  as  Bees,  Wasps,  Ichneumons,  Saw-flies,  etc. 

2.  LepIDOPTERA  or  Scaly,  winged  Insects ;  with  four  wings  cov- 
ered with  scales  which  are  easily  removed ;  and  with  a  tongue 
formed  of  two  grooved  threads  placed  side  by  side  so  as  to 
make  a  sucking  organ ;  as  Butterflies  and  Moths. 

3.  DiPTERA  or  Two-winged  Insects  ;  with  only  two  real  wings,' the 
hind  pair  being  represented  by  two  knobbed  threads  or  bal- 
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ancers;  and  with  a  moath  formed  for  sacking  or  lapping; 
jBLB  Flies,  Musquitoes,  etc. 

4.  CoLEOFTERA  or  Sheath- winged  Insects ;  with  the  upper  or  for- 

ward wings  horny,  and  the  under  or  hind  wings  larger  and 
membranous  ;  and  with  two  pairs  of  jaws  for  biting ;  as  Beetles. 

5.  HemIPTERA  or  Bugs,  Cicadas,  etc.;  with  four  wings,  in  most 

cases  ;  and  with  the  mouth-parts  in  the  form  of  a  beak  con- 
sisting of  a  homy  sheath  containing  three  intensely  sharp 
bristles ;  Cicadas,  Plant-lice,  Bugs,  etc. 

6.  OrTHOPTERA  or    Straight-winged'  Insects;  with    the   forward 

wings  somewhat  thick,  and  generally  lying  straight  along  the 
top  or  sides  of  the  back,  and  the  under  ones  thinner,  larger, 
and  folded  in  plaits  like  a  fan  ;  and  the  mouth-parts  adapted 
for  biting ;  as  Grasshoppers,  Locusts,  Crickets,  etc. 

7.  NeUROPTERA  or  Nerve- winged  Insects  ;  with  four  membranous 

net-veined  wings,  the  hinder  ones,  in  most  cases,  the  larger ; 
and  with  jaws  suited  for  biting ;  as  Dragon-flies,  May -flies, 
Ant-lions,  etc. 

It  must  be  stated  here  that  many  naturalists  regard 
these  groups  as  real  orders  instead  of  sub-orders  ;  and  they 
stand  as  orders  in  many  books  which  the  student  and 
reader  may  have  occasion  to  consult  on  this  subject. 

These  Suborders  will  now  be  briefly  considered  and 
illustrated. 

1.  The  Sub-order  of  Hymenoptera.  These  insects, 
as  already  indicated,  have  four  membranous  wings,  the 
hind  pair  the  smaller,  and  all  traversed  by  a  comparatively 
few  veins.  Hymenopters  have  four  jaws,  the  upper  pair 
fitted  for  biting,  and  the  lower  pair  the  longer  and  softer, 
and,  with  the  lower  lip,  adapted  for  collecting  honey,  in 
many  cases.  The  females  are  provided  with  stings,  but 
the  males  have  no  weapons  excepting  their  jaws.  In  pass- 
ing from  the  egg  state  to  the  imago  state  they  undergo 
a  complete  transformation. 


'l/^ 
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The  name  Hymenoptera  comes  from  tlie  Greek 
hwnen,  a  membrane,  and  j}teron,  a  wing.  To  this  Sulj- 
order  belong  the  Bees,  Wasps,  Ante,  IchBeumons,  Gall- 
flies, Saw-flies,  etc. 

In  general,  Bees  or  Apidae  are  social  in  their  habits,  and 
the  species  are  composed  of  three  eorts  of  iadividiialB — 
femalea  or  queens,  jnales  or  drones,  and  im/perfecUy  deeeU 
oped  femalea  OT  workers ;  the  last  are  smaller  than  the 
others,  and  are  often  improperly  called  neuters. 


HITS  Bm,  Apii  ■moafica. 


The  Humble-bees  (Bombus)  are  relatively  of  large  size, 
and  their  bodies  are  hirsute.  They  live  in  small  commu- 
nities, which  arise  from  a  single  female  which  has  survived 
the  winter.    Some  kinds  of  bees — "  Oarpenters,"  etc. — are 
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solitary.    The  Carpenter-bees  ^^  ***■ 

(Xylocopa)  are  of  large  size, 

and  tliey  tbrm  a  tnbe  or  barrow 

in  wood,  and  deposit  therein 

their  eggs,  arraogiDg  them  in 

successive  layers  in  masses  of 

pollen  (Fig.  384).  And  the 
^,_J^af-cutter8   {MegachUe)   are 

'ibces  which  cut  pieces  from 
-\  leaves  and  with  them  make  a 
^  honey-tight  cell.  The  Mason 
■^ ;.  Bees  {Oemia)  are  bluish,  or 

green,  smooth  and  shiny,  and 

they  build  their  nesta  of  sand 
.    in  stems  of  plants,  and  in 

crevices. 


The  Wasps  or  Tespidfie  also  live  in  communities  com- 
posed of  females,  males,  and  workers.  They  constnict 
complex  nests  underground,  or  attached  to  overhanging 
rocks,  to  trees,  fences,  or  buildings.  These  nests  consist 
of  tiers  of  hexagonal  cells  with  their  mouths  downward. 
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and  Bnpported  by  pedicels ;  and  the  cells  in  a  single  nest, 
in  some  cases,  number  sixteen  thousand.  These  repre- 
sentatives of  the  Hymenoptera  are  especially  interesting 
as  being  the  first  puper-makers  I     Their  nests  are  made  of 


K  ut).  lUitta  paUipa,  L*p«L  Und-oelli  or  nest  ft  Uie  Uuil-wisp. 

a  paper-like  substance,  whicli  is  wood  reduced  to  a  paste 
by  the  action  of  the  jaws  of  these  insects.  The  Wasp 
commnnities  are  also  dissolved  on  the  approach  of  winter; 
and  each  female  that  survives  the  winter  founds  a  new 
colony  the  ensuing  spring. 

Some  kinds  of  Wasps,  however,  are  solitary  in  their 
habits ;  this  is  tme  of  the  Mud-waeps,  which  build  their 
nests  of  mild  (Fig.  386),  and  store  them  with  spiders  and 
other  insects,  for  their  larvse  to  feed  upon. 

The  Ants  or  i^wTnicidfe  are  hymenoptera,  which  also 
live  in  communities  composed  of  females,  males,  and 
workers;  the  two  first  are  furnished  with  loosely- attached 
wings,  and  the  last  are  destitute  of  wings.  The  workers 
have  the  care  of  the  nest  and  of  the  rearing  of  the  young ; 
,  they  go  in  search  of  food,  feed  the  larvae,  take  them  into 
the  sunshine  in  fine  weather,  and  back  again  iuto  the  nest 
at  night  or  when  bad  weather  comes,  and  watch  over 
them  with  a  wonderfnl  firlelity.  Most  ant-hill  communi- 
ties are  composed  of  individuals  of  one  and  the  same 
species ;  hut  in  some  cases  the  workers  procure  auxiliaries 
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by  visiting  the  ant-hills  of  other  species,  and  forcibly 
taking  the  larvse  and  pupaa  and  bringing  them  to  their  own 
nest,  and  there  having  them  reared  and  trained  to  work 
for  the  eommnnitj  in  which  they  are  reared  I 
V  The  Ichneumons  or  Ichne^gaaidaa  have  the  body  long 
y^  jg,  and  narrow,  the  antennee 

long,  the  ovipositor  gen- 
erally long  and  protected 
by  two  thread-like  organs 
of  the  same  length  aa  the 
ovipoeitor  itself.  Ichnea- 
mona  deposit  their  egga  in 
the  eggs,  larvse,  and  piipfe 
of  other  insects ;  and  npon 


these  the  ichnenmon  larva  feeds  when  hatched.     0 

Among  the  interesting  members  of  the  Hymenoptera 
are  the  Gall-flie«  or  Cynipidte.     By  puncturing  a  species 
Fio  889  *^^  "^t  growing  in  Western  Asia,  Gall- 

flies produce  the  nnt-galls  of  commerce, 
and  these  supply  the  world  with  ink. 
Tiie  Gail-flies  have  the  head  short  and 
broad,  the  thorax  thick  and  oval,  and 
the  abdomen  mnch  compressed    and 
ii  ewi-By,  Bkfl-    attached  to  the  thorax  by  a  very  short 
ii««  ™«ocmu,  Htrafa.    pg<jj(^]       They   ara   very    numerous, 
and  the  different  kinds  attack  different  kinds  of  plants. 
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Among  the  largest  of  the  Hymenoptcra  are  the  Boring 
Saw-flies  known  ae  "Horntails,"  which   have  the  body 
j^g  jj^  nearly    cylindrical,   and 

the  blunt  abdomen  end- 
ing in  a  horny  point. 
Beneath  this  abdomen 
they  have  a  long  saw-like 
and  powerful  borer,  with 
which  they  bore  holes 
into  trees,  in  which  they 
deposit  their  eggs.  Their 
larvsa  belong  to  the  great 
host  of  tree-borers. 

There  are  other  saw- 
fliea   (Fig.  391)  belong- 
ing to  the  Hymenoptera, 
which  are  included  in    a  separate  family — the  Tenthre- 
dinidBB.    These  Saw-flies  are  of  various  species,  some  of 
which  attack  the  Rose,  others  the  Vine,  others  the  Elm, 
others  the  Fir-tree,  etc.     All 
have  an  ovipositor  consisting  of 
double  saws  lodged  under  the 
body  and  covered  by  two  pieces 
as  a  sheath.     They  are  slu^ish 
in   their  habits.     Their   larvEB 
have  fr'om  eighteen  to  twenty- 
Fir-tree  Baw.Bj  eniM-ged,  Laphyrm   two  Icgs,  and  are  found  in  com- 
a4w«,H«ri>.  munities  on  the  leaves  of  birch 

and  alder,  holding  fast  by  their  true  legs,  while  the  rest 
of  the  body  is  curved  upward.  ^  - 

2.'"Thb  Sub-oedke  of  Lbpidopteea  is  composed  of  in- 
sects which  have  fonr  wings  covered  with  scales  that  are 
easily  removed.     The  name  is  derived  from  the  Greek 
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l^is,  ft  Bcale,  and  pter&n,  a  wing.    The  Lepidoptera  have    -   ' 
a  tongue  consisting  of  two  grooved  tlireads  placed  side  y-     \ 
by  side,  60  that  the  grooved  sides  come  together  and 
form  a  channel  by  their  junction,  and  thus  tlie  tongne  is 
adapted  for  sucking   pnrposee;   and  accordingly  these       ; 
insects  drink  the  dew  and  feed  upon  the  honey  of  flowers.       'J 
When  rot  in  use,  this  tongue  is  rolled  up  like  a  watch- 
spring  beneath  the  head,  and  mure  or  less  concealed  on 
each  side  by  an  organ  called  a  palpus.    The  lege  of  the 
Lepidopters  are  six  in  number,  but  the  forward  pair  is 
short,  and  sometimes  rudimentary,  or  wanting.     In  the 
larva  state  these  insects  are  called  caterpillars,  and  they 
have  from  ten  to  sixteen  legs.     Most  kinds  of  caterpillars 
feed  upon  plants.     Some  kinds  eat  the  leaves,  others  the_l-  - 
bloi^eoms,  others  the  seeds,  others  the  stems,  and  others    ' 
the  roots.     Some  kinds  of  caterpillars,  however,  eat  tab-  '2 " 
ricB,  furs,  feathers,  leather,  meat,  lard,  and  even  wax.    In    -^ ' 
coming  to  their  full  growth  as  larva  they  usually  change 
tlieir  skin  four  times. 

(  The  Lepidopters  include  the  Butterflies  and  the  Moths,      j 
The     former   are     readily    distin-  j^  ^^ 

guislied  by  their  knobbed  anten- 
nra  (Fig.  895),  and  by  the  fact  that 
tliey  hold  their  wings  erect  when 
they  alight.  The  Moths  have  va- 
riously formed,  but  never  knobbed, 
antennee,     and     their    wings    are 

sloping  when  they  alight.     All  of  ^ 

the    Lepidopters    pass    through    a  i 

complete  transformation  in  coming 

to  maturity.     Many  of  the  caterpil-    Moonum  Bnitarfly.  ctibw- 
lars   of    the   Moths  spm   cocoons; 
many,  however,  do  not ;  and  none  of  the  caterpillars  of 
the  Buttei^flies  spin  cocoons. 
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SUppet  Butterflr,  Haperia. 


lllnlppai  BntlErfly,  I 


Tnrui»  Butterfly.  Papiliv  la 
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The  Butterflies  of  North  America  are  nnmerous,  and 
maDj  of  tliem  are  exceedingly  beautiful,  as  any  one  may 
Bee  by  examiDing  them,  or  the  splendidly  illustrated 
works  of  Edwards,  and  those  of  Scudder,  as  well  as  the 
illustratioDB  of  our  butterflies  in  foreign  works.  A  few 
of  the  common  forms  are  shown  in  Figs.  392-395. 

^Of  the  Moths  we  have  room  only  to  mention  the  Sphin- 
gea  or  Hawk-Moths,  and  a  few  of  the  broad-winged 
moths.  The  Hawk-Moths  or  Sphingid*  are  mostly  very 
large  lepidopters,  and  the  wings  are  long  and  compara- 
tively narrow.  These  moths  fly  with  great  rapidity,  and 
with  few  exceptions  they  visit  the  flowers  to  secure  honey 
in  the  morning  and  evening  twilight ;  and  as  they  balance 
themselves  before  the  petunias  and  other  flowers,  by  the 
rapid  movements  of  their  wings,  they  may  easily  be  mis- 
taken for  humming-birds.  Their  tongue  is  exceedingly 
long — in  some  cases  five  or  six  inches  (Fig,  399).  The 
caterpillars  of  these  moths  are  very  large,  and  they  assume 
cunons  attitudes.  Supporting  themselves  on  their  hind 
legs,  they  elevate  the  forward  part  of  the  body,  and  re- 
main for  hours  in  this  sphinx-like  position  (Fig.  397). 


Cle«r-«tiiged  BpUu,  Sttia  Ihyibi,  FBbridai. 

Some  kinds  of  sphinges — as  Sma — have  their  wings 
transparent. 
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Someof  the  broad-winged  or  Silk-worm  Moths  oi^^smt 
jD^idse,  as  Gearopia,  PxniMtltsa,  JPolifphemua  (Fie.  400), 
Luna,  KegalJWalnut  Moth,  etc.,  are  remarkable  for  their 
large  size ;  others,  as  the  beautiful  Dewjpeia  and  the 
Wood-Nymphs  {Eudryas),  are  remarkable  for  their  beau- 
ty ;  and  all  in  the  larva  state  spin  silken  cocoons,  in  which 
they  pass  into  the  pupa  state.    One  specieB,  the  "  Silk- 


B«*QUftll  Delupela.  Z>riDpeia  JKiJa,  Dmry. 
Via.  KB. 


worm "  (Figs.  402-3),  produces  the  greater  part  of  the 
silk  used  in  the  world.  One  of  the  most  common  of  the 
small  broad-winged  moths,  is  the  Tent-caterpillar  Moth, 
which  in  the  larva  state  lives  upon  neglected  apple  trees, 
and  upon  wild-cherry  trees,  and  spins  the  well  known  tent- 
like nests. 
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(  3,  Thk  StTB-OKDEB  OF  DiFTEBA  IS  SO  named  from  the  fact 
that  the  insects  of  this  group  have  only  two  real  wings, 
the  place  of  the  hind  wiiiga  being  snpphed  hy  two  knobbed 
threads  called  balanceni,  as  seen  in  Figs.  406,  410.  The 
name  ia  from  the  Greek  dis,  two,  and  pteron,  a  wing. 
The  mouth  of  the  Diptera  is  modified  for  either  sucking 
or  lapping.  The  sucker  or  proboscis  is  composed  of  two 
to  six  bristle-like  organs,  in  some  eases  sharper  than  the 
sharpest  needles,  and  either  inclosed  in  the  groove  of  a 
sheath  terminated  by  two  lips,  or  covered  by  one  or  two 
laminffi  which  serve  the  purpose  of  a  sheath. 

The  Dipters  undergo,  a  complete  transformation  in 
coming  to  maturity.  Their  larvse  are  without  feet,  and 
are  called  maggots.  The  pupte  in  most  cases  are  inclosed 
in  the  dried  skin  of  the  larvEe.    Some  kinds  of  dipters,  as 
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Gnats  or  Masqiiitoes,  lay  their  eggs  in  the  water,  and  their 
larvae  may  be  seen  in  summer  in  all  stagnant  pools,  where 
they  are  popularly  known  as  "wrigglers."  They  rest 
with  their  head  downward,  and  the  hind  extremity,  which 
contains  the  respiratory  organs,  is  at  such  times  at  the 
surface  of  the  water.  They  are  very  active,  and  move 
with  a  wriggling  motion  through  the  water,  but  come  to 
the  surface  from  time  to  time  to  secure  air  through  their 
respiratory  organs.  At  the  end  of  their  larval  state  they 
shed  their  skin,  but  still  remain  in  the  water,  and  move 
by  means  of  their  hind-body ;  but  now  they  assume  a  dif- 
ferent attitude,  and  the  respiration  is  carried  on  through 
two  tubes  situated  on  the  thorax.  At  the  end  of  the  pupa 
state,  which  lasts  only  a  few  days,  the  skin  splits  upon  the 
b^k,  between  the  breathing-tubes,  and  the  winged  insect 
or  imago  appears,  and  after  resting  awhile  on  its  empty 
pupa-case  as  it  floats  upon  the  water,  it  flies  away  in  search 
of  a  victim  whom  it  may  pierce  for  blood.  These  kinds 
of  dipters  discharge  a  poisonous  fluid  into  tlie  wounds 
which  they  inflict,  and  this  is  the  cause  of  the  irritation' 
which  follows  their  attacks^  >^  x^     ,     ^       \    .  ;   i  .   l  , 

—  'The  larvsB  of  some  species  of  the  Diptera,  as  the  Hes- 
sian Fly  (Fig.  410)  and  the  Wheat-fLy  {Oecido7nyia  tritioiy 
Kirby),  are  very  injurious  to  the  farmer,  sometimes  de- 
stroying whole  wheat-fields. 

Several  species  of  the  Diptera  are  very  injurious  or  an- 
noying to  cattle  and  horses.  One  of  these  is  known  as  the 
Black  Horse-fly  {Tahanus  atratus^  Fabricius),  another  as 
the  Orange-belted  Horse-fly  {T.  cmctus,  Fabr.),  and  an- 
other the  Lined  Horse-fly  (T.  Uneclay  Fabr.).  All  of  these 
have  the  eyes  very  large,  covering  nearly  the  whole  head, 
and  they  have  a  proboscis  inclosing  six  sharp  lancets  in 
the  female,  and  four  in  the  male. 


OmUa  or UiwqaitOM  (Culapipieoti  in-miaaa  Btagea of  deTelopmsnt. 

Other  memberB  of  the  Diptera,  as  the  Asiliis  Flies  (Fig. 
411),  are  very  long-bodied,  and  very  destructive,  in  their 
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Isrrs  Btate,  to  the  roots  of  plants,  and  iu  the  adnlt  etate 
are  very  rapacious,  seizing  and  destroying  other  insects. 


BmlaD  PIt,  dciatntyia  dalmdiiT.  Aallag,  Aiilui  aittumt.  Lino. 

Some  ol  Ebe  forma  nl  the  Dlpten. 

■  Other  dipters  still  are  the  Bot-flies  {(Eatridce),  which  in 
the  larva  state  inhabit  various  parts  of  the  body  of  herbiv- 
orous animals,  as  horses,  cattle,  sheep,  etc.  These  flies 
(Fig.  407)  have  very  short  antennee,  large  head,  and  the 
wings  covering  the  balancers ;  and  the  hind-body  of  the 
females  has  a  conical  tube  bent  under  the  body,  and  with 
it  they  lay  their  eggs  when  flying.  By  biting  the  parts 
where  the  eggs  are  laid,  the  horse  gets  them  into  his 
mouth  and  swallows  them.  The  larvse,  by  means  of 
hooks,  cling  to  the  walls  of  the  stomach  till  they  come  to 
the  end  of  their  larval  life.    Another  E^oies  {(Esirvs 
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loapse  of  ibe  oammQa  ¥}}.    a,  lobea  at  the  Ugi:ila  ;  6,  poitloni  Inclosing  the  lu- 
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hovis^  Fabr.)  lays  her  eggs  ou  the  backs  of  the  cattle,  and 
the  larvse  penetrate  the  skin  and  live  there  in  open  sores. 
Another  species  {Cephalomyia  ovis,  Linn.)  lays  her  eggs 
in  the  nostrils  of  sheep,  and  the  larvsB  crawl  into  the  cavi- 
ties of  the  head,  and  in  many  cases  produce  death. 

But  by  far  the  largest  group  of  all  the  Diptera  is  that 
which  Latreille  called  the  MuscidsB,  which  includes  about 
one-third  of  all  the  members  of  this  sub-order,  and  which 
are  known  under  the  popular  names  of  House-flies,  Flesh- 
flies,  Blow-flies,  Cheese-flies,  etc.*  Meigen  has  already,  a 
long  time  ago,  described  1,700  species  of  these  flies  as  be- 
longing to  Europe,  and  there  is  probably  even  a  greater 
number  in  this  country.  These  flies  have  a  wonderful 
power  of  reproduction.  Some  species,  as  the  Flesh-flies, 
are  viviparous.  Eeanmur  found  2,000  larvae  in  a  single 
specimen  of  this  sort. 

Among  the  Diptera  there  are  some  anomalous  forms. 
One  of  these  is  seen  in  the  Fleas  or  Pulicidee,  which  are 
wingless  flies  with  hard,  compressed  bodies,  with  two  sim- 
ple eyes  instead  of  compound  eyes,  a  sucker-like  arrange- 
ment of  month-parts,  and  hind  legs  specially  adapted  for 
leaping.  By  many  writers  the  Fleas  are  regarded  as  con- 
stituting a  distinct  order  called  the  Aphanipteba,  from 
the  Greek  cuphanizo  to  hide,  Kiidipteron  a  wing. 

Other  anomalous  forms  are  seen  in  the  Horse-ticks 
{IIijppoho8ca\  Sheep-ticks  {Mdlophaga)^  Bird-ticks  (Omi- 
thomyia\  etc.  These  have  a  homy,  flattened  body,  flat 
head,  large  eyes,  rudimentary  antennee,  and  a  proboscis 
formed  by  the  labrum  and  maxillae.  They  are  parasites, 
and  differ  from  all  other  insects  in  their  mode  of  develop- 
ment. Each  female  produces  only  one  or  two  larvae,  and 
when  first  hatched  the  larva  is  not  divided  into  rings,  but 

*  For  a  full  account  of  the  House-Fly,  see  Packard  **  On  the  Transforma- 
tions of  the  House-Fly." 
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is  smooth  and  egg-like,  the  whole  covering  being  s  pnpa- 
riiun-like  case  in  which  the  larva  becomes  a  pupa  imme- 
diately after  it  is  born. 

The  spider-shaped  Bat-ticka  or  Nycteribid«,  which  are 
parasites  on  the  Bat,  and  the  Bee-lice  {Bratdina),  minute, 
wingless,  blind  insects,  parasites  on  Bees,  are  other  anom- 
alous forms  of  the  Diptera. 
\"~^  4,  The  Sub-ordbe  of  Coleoptbba,  The  Coleoptcra  or 
''^  Beetles  are  insects  whose  upper  or  anterior  wings,  called 
elytra,  are  more  or  less  homy,  and  meet  in  a  straight  line 
upon  the  top  of  the  back;  ^_ 

and  in  general  there  is  a 
email  triangular  piece, 
called  the  scntellnm,  be- 
tween their  bases.  Their 
hind  or  under  wings  are 
thin,  and  when  not  in  use 
are  folded  longitudinally 
and  transversely.  The 
Coleoptera  have  two  pairs 
of  jaws,  which  move  side- 
wise,  and  the  larvse,  which 
are  called  grubs,  undergo 
a  complete  transformation 
in  coming  to  maturity. 
There  are  probably  more  than  100,000  species  of  Beetles, 
and  they  present  a  great  diversity  of  form,  size,  color, 
structure,  and  habits.  The  name  Coleoptera  is  from  the 
Greek  koleos,  a  sheath,  and^forow,  a  wing,    -f  • 

Some  kinds,  as  the  Tiger  Beetles  or  CicindelidEe,  have  a 
large  head,  long  antenuEe,  and  toothed  mandibles,  and  are 
very  rapacions  in  their  habits.  Their  larvse  are  provided 
witji  powerful  jaws,  and  are  also  rspaoions.    The  larvse 
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Fig.  416. 
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Fio.  416. 


Fia.  417. 


Tiger-Beetle,  Cicindda 
HrticollU,  Say. 


Tiger-Beetle,  Cicindda 
vulgarity  Say. 


Tiger-Beetle 
Larvak 


Fia.  418. 


dig  vertical  holes  in  the  ground,  in  which  they  remain,  the 
head  just  fitting  the  entrance,  and  when  any  insect  passes 
near  enough  they  seize  it  and  devour  it. 

The  Predaceous  Ground  Beetles  or  Carabidae  are  also 
rapacious,  and  are  known  as  Caterpillar  Hunters  (Fig.  414). 

The  DytiscidsB  are  fitted  for  a  residence 
in  the  water,  and  these  have  their  hind  legs 
specially  fitted  for  swimming.  They  are 
also  exceedingly  rapacious,  both  in  the  larva 
and  in  the  adult  state,  devouring  all  kinds 
of  small  aquatic  animals,  even  fishes. 

The  Gyrindae  are  found  moving  in  all 
sorts  of  curves  and  gyrations  on  the  smooth 
surface  of  standing  waters;  and  these  too 
swim  by  means  of  the  fringed  hind  legs. 

Fia.  4w.  Some  kinds,  as  the  Car- 

rion Beetles  or  Silphidse,  are 
true  scavengers.  Living  to- 
gether in  great  numbers, 
they  perform  a  most  useful 
service  in  removing  noxious 
substances.  Some  species  of 
carrion-Beetie,  supha,  this  family  havc  the  habit 


Water-Beetle, 


Bove-Beetle, 
i^pkylxnut* 
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of  bnrying  all  the  small  dead  animals  which  they  find. 
They  dig  beneath  the  animal  till  they  Bink  it  out  of  Bight, 
then  deposit  their  eggs  in  it ;  and  as  soon  as  the  young 
hatch,  the  latter  begin  to  devour  it,  and  thne  the  noxtoiiB 
snbetance  is  soon  converted  into  living  tissues. 

The  Rove- Beetles  are  long  and  narrow,  and  the  abdo- 
men is  ntnch  longer  than  the  elytra.  "When  touched,  or 
when  they  run,  they  elevate  the  abdomen  and  flex  it  in 
every  direction. 

The  DermeetidEe  are  small  beetles  which,  in  the  larva 
state,  attack  skins  and  all  parts  of  dried  animals.  They 
often  commit  great  havoc  in  zoological  collections. 

The   Horn-bugs  or    Lucanidse  fio.  *m. 

are  beetles  whose  head  is  very 
large  and  broad,  and  whose  upper 
jawB  are  very  large,  and  often 
branched.  In  the  grub  state  they 
live  in  the  roots  and  trunks  of 
trees,  and  some  of  the  species  are 
six  years  in  coming  to  maturity ! 

Of  all  the  groups  of  the  Coleop- 
tera,  the  Scarabfeans  or  Scarabiei- 
die  are  one  of  the  most  extensive. 
Here    belong    the     May-Beetle, 

Eose-Chafers,  Goldsmith  Beetles,  °"'-  ■  "  '  *■  • 
and  a  host  of  others.  They  differ  from  one  another  in 
many  important  respects,  but  agree  in  having  a  rather 
short  convex  form,  the  antenuEe  ending  in  a  knob  com- 
posed of  three  or  more  leaf-like  pieces,  a  visor-like  piece 
which  extends  forward  over  the  face,  and  their  legs  fitted 
for  digging  (Figs.  422-3). 

The  Bnprestians  or  Buprestidte  are  beetles  which  have 
the  head  apparently  sunk  into  the  thorax  nearly  up  to 
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Sonbslta,  nawtut  earaifa.  Guldonith  B«t]e,  CobOpa 


8priilg-B«eUfl,  BaUr  Bapnatli,  B.  vir- 

xiUaliH,  Linn.  gimea,  Draij. 

their  eyes,  and  which  are  very  solid.  Their  lustre  is  me- 
tallic, more  or  less  bronze-like.  They  are  found  on  trees, 
and  feign  death  when  disturbed.  In  the  larva  state  they 
are  borers,  ■ 

The  Elaters  or  Elateridfe  have  a  hard  body,  and  their 
head  sunk,  to  the  eyes,  in  the  thorax,  and  the  latter  is  as 
broad  as  any  part  of  the  body.  In  the  larva  state  they 
are  called  -wire-worms,  and  in  this  state  they  devour  roots 
and  wood.  In  the  adnlt  states  they  have  attracted  much 
attention  from  their  springing  upward  with  a  jerk  after 
they  have  been  placed  upon  the  back  (Fig.  424). 
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Some  beetles  are  very  important  in  their  relations  to 
pharmacy.  The  Cantharidea  or  Meloidffi  are  extensively 
used  for  blistering  purposes. 

The  Stylopidee  are  minute  beetles  eo  apparently  abnor* 
nial  in  their  appearance  and  stmcture  that  they  have  by 
some  naturalists  been  referred  to  a  distinct  order  called 


Stylopa — male— nugnifled. 

I  ^     Stebpsiptbea,  from   strepais,  a   twisting,  and  pteron,  a 
>,     wing.    In  the  larva  state  these  beetles  live  as  parasites 
_,    in  the  body  of  the  bee. 
r^         Of  the  small  beetles,  none  are  more  destmetive  than 
the  Weevils  or  CnrcnlionidEB.     Some  kinds  of   weevils 
attack  the  pea,  others  the  plum,  others  grain,  others 
rice,  others  stored  grain,  and  others  the  pine,  etc.     All 
Cnrcnlios  are  hard-shelled,  and  the  fore  part  of  the  head 
is  generally  prolonged  into  a  slender  snout,  at  the  extrem- 
ity of  which  is  the  month  armed  with  small  homy  jaws. 
(Figs.  427-9.)     In  the  larva  state  they  are  white  grubs. 

The  long-hom  Beetles  or  Cerambycidse  have  exceed- 
ingly long  antenoffi.  When  caught  they  generally  make  a 
sqneaking  noise.  The  larvae  are  wood-borers,  and  they 
are  exceedingly  destructive.     In  some  species  they  are 
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On  the  contrary,  other  hemiptera,  as  Cicadas,  Plant- 
lice,  etc.,  have  the  wings  of  uniform  thickness  through- 
out, and  the  wings  do  not  lie  flat  upon  the  back,  as  in  the 
Hemiptera  heteroptera;  and  having  wings  of  uniform 
thickness  throughout,  they  are  called  Hemiptera  homop- 
tera. 

Of  the  Hemiptera  homoptera,  few,  if  any,  are  more 
interesting  than  the  Cicadas  or  harvest-flies  or  Oicadidse, 
These  insects  have  a  broad  head,  large  eyes,  and  three 
eyelets  on  the  crown.  Both  pairs  of  wings  are  trans- 
parent and  distinctly  veined.  The  males  are  furnished 
with  an  apparatus  by  which  they  produce  a  loud  buzzing 
sound. 

This  apparatus  consists  of  a  pair  of  organs  wliicli  have  been  aptly 
compared  to  a  pair  of  kettle-drums — one  situated  in  each  side  of  the 
abdomen,  and  each  formed  of  convex  pieces  of  a  parchment-like  mem>- 
brane,  finely  plaited,  and  played  upon  by  means  of  muscular  fibres 
fastened  to  the  inside  ;  and  thus,  by  the  rapid  contraction  and  relaxa- 
tion of  these  fibres,  the  drum-heads  are  alternately  tightened  and 
loosened,  and  the  sounds  above-named  produced. 

The  female  Cicadas  are  provided  with  a  piercer  for 
perforating  the  limbs  of  trees,  in  which  they  lay  their 
eggs.  This  piercer  consists  of  three  pieces — two  outer 
ones,  which  are  grooved  on  the  inside,  and  toothed  on  the 
outside  like  a  saw,  and  a  central  piece,  which  is  a  sort  of 
spear-pointed  borer,  which  moves  freely  between  the 
other  two. 

The  Greeks,  we  are  told,  often  kept  these  insects  in 
cages  that  they  might  enjoy  their  "  music."  And  the 
Greeks  also  used  them  as  food,  eating  both  the  pupae  and 
the  perfect  cicadas. 

Our  common  species  are  the  Dog-day  Cicada  or  Harvest- 
fly  {Cicada  canieularis^  Harris)  and  the  seventeen-year 
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Cicada   (Cicada    septendedm,    Unn.),   often   incorrectly 
called  the  Seveateen-year  Locust    It  is  believed  that  the 


H  Olndt,  Cieaia  HpfmdatJii,  Unn. 


Dog-d>r  Birreit-a)'.  Cicada  canicaiarii,  BUrtl. 

latter  insect  appears  in  the  same  locality  only  at  interv^ 
of  seventeen  years,  and  hence  its  specific  name. 

The  Seventeen-year  Cicadaa  come  in  bwutqb  in  the  earlj  part  of 
Honuner,  and  the  forests  then  resound  with  their  Binging  from  morn- 
ing till  night.  The  females,  in  la/ing  their  eggs,  select  emKll 
branches  and  clasp  them  with  their  legs,  and  then  re})estedl7  thmst 
their  piercers  obliquely  Into  the  bark  and  wood  in  the  direction  of  the 
fibres,  and  at  the  same  time  detaching  little  splinters  of  wood  at  one 
end,  which  serve  as  a  fibrous  cover  to  the  perforations.  After  thus 
forming  a  fissure,  they  depodt  therein  from  ten  to  twenty  eggs,  which 
are  conveyed  to  their  places  by  means  of  the  grooved  ride-pieces  of 
the  piercers.    When  one  fissure  is  filled,  another  is  made  and  filled. 
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and  so  on,  till  each  female  has  deposited  her  whole  stock  of  four  ot 

five  hundred  eggs.     When  the  eggs  hatch,  the  young  fall  to  the 

ground  and  immediatelj  burrow  to  the  roots  of  the  tree,  upon  whose 

juices  they  subsist.     They  live  in  this  way  till  the  time  of  their 

v^^tjansformation  approaches,  when  they  gradually  ascend  towards  the 

'  surface,  and  at  length  they  leave  the  ground,  and  crawl  up  the  trunks 

^  of  trees,  where  they  fix  their  feet  firmly  to  the  bark.    After  some 

vr^  effort  they  open  a  longitudinal  fissure  in  the  skin  of  the  back,  and 

^  through  this  openipg  the  perfect  Cicada  comes  forth,  leaving  its  dry 

and  empty  pupa  skin  attached  to  the  tree. 


Other  examples  of  the  Hemiptera  homoptera  are  seea 

in  the  Btrangely-formed  little 


Fio.  499. 
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Tree-hopper,  MembracU  himacvlata, 
Fabricins. 
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Tree-hoppers  or  CercopidsB, 

which  are  found  upon  grass, 

herbs,  and  trees,  upon   the 

sap   of   which  they  subsist, 

imbibing  such  quantities  that 

it  oozes  out  of  their  bodies 

in  the  form  of  little  bubbles,  covering  the  insect  of  the 

Jlemiptera  in  a  mass  of  froth. 

\'    Of  the  very  small  and  minute  Hemiptera  homoptera, 

none,  perhaps,  are  more  remarkable  than 
the  Plant-lice  or  Aphidse,  and  the  Bark- 
lice  or  Cocci  dee.      The  former  have  on 
the  hind  part  of   their  short  body  two 
minute  tubes  or  pores,  from  which  exude 
minute  drops  of  a  sweet  fluid.     And  this 
fact  explains  the  reason  why  ants  collect  in  great  numbers 
where  Plant-lice  abound ;  for  the  ants  feed   upon  this 
honey-like  fluid,  and    the  most  friendly  relations  exist 
between  these  two  kinds  of  insects.     The  ants  even  caress 
the  Plant-lice  with  their  antennae,  apparently  soliciting 
them  to  give  out  the  sweet  fluid  1 

The  AphidsB  multiply  with  astonishing  rapidity,  and  in 


Aphis,  ApkU  mali, 
Harris. 
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tMs  multiplication  they  admirably  illastrate  what  has  been 
called  Pa/rthenogeneda. 

It  is  well  understood  among  physiologists  that  it  is  the  contact 
of  the  male  sperm-cell  with  the  yolk  which  fertilizes  the  egg,  and 
that  from  the  moment  of  this  contact  the  life  of  the  embryo,  which  is 
to  be  the  future  animal,  begins.  This  is  the  general  rule  among 
animals  in  which  the  sexes  are  distinct.  But  among  some  kinds  of 
the  lower  animals — as  some  kinds  of  Jelly-fishes,  Worms,  Crustaceans, 
and  Insects — there  are  exceptions,  so  that  in  some  species  an  embryo 
begins  its  life  without  the  interposition  of  the  male  ;  and  this  mode 
of  reproduction  has  been  called,  by  Owen,  "  Parthenogenesis,"  and 
by  Steenstrup,  "  alternation  of  generations,"  and  by  Huxley  and 
j\GiheTBf  "  agamic  reproduction."  * 

'    T^  For  example,  the  young  aphides  are  hatched  in  the  spring  from 

JUnpregnated  eggs  laid  the  previous  autumn,  and  soon  they  come  to 

\  maturity,  and  the  whole  brood  consists  of  wingless  females.    These 

V  feniales  bring  forth  living  young,  each  female  producing  in  some 

•v\  cases  twenty  in  a  day.    These  young  are  also  wingless  females,  and 

^.    soon  they  bring  forth  living  young,  which  are  also  wingless  females, 

^  and  in  their  turn  bring  forth  living  young.    And  in  this  way  brood 

<5;4     after  brood  is  brought  forth,  ef>en  to  the  fourteenth  generation,  in  a 

\:^tSingle  season,  in  some  cases  ;  and  this,  too,  without  the  appearance  of 

a  single  male.     But  the  latest  brood  in  autumn  is  composed  of  both 

males  and  females,  which  have  wings ;  these  pair,  stock  the  plants 

with  eggs,  and  then  perish. 

We  get  some  idea  of  the  rapidity  of  the  mnltiplication 
of  these  animals  when  we  remember  that  Reaumur  has 
proved  that  a  single  Plant-louse  may  become,  in  five  gen- 
♦    erations,  the  progenitor  of  6,000,000,000  descendants ! 

*  In  the  case  of  one  of  the  highest  of  the  Insects — the  Hive  Bee — there  is 
something  quite  different  from  the  ordinary  modes  of  reproduction,  and  is 
probably  one  phase  of  parthenogenesis.  It  has  been  shown  by  Siebold  that 
the  fertUieed  eggs  of  the  queen  bee  produce  either  qtieens  or  worhersy  accord- 
ing to  the  conditions  to  which  they  are  subjected,  and  the  nature  of  the 
food  given  the  larvae  ;  and  that  the  unfertilized  eggs  produce  droneSy  that  is 
males. 

Parthenogenesis  has  been  observed  even  in  the  larva  of  one  Insect— a 
Cecidomyian  fly. 


^ 

I 
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Bark-lice  or  Coccidse  are  very  small  liemiptera  wliieh 
are  found  in  the  form  of  scales  on  the  bark  of  trees.  The 
males  alone  are  winged ;  the  females  are  always  in  the 
scale-like  form.  The  Bark-lice  are  famous  for  the  dyes 
and  other  useful  materials  which  they  have  furnished. 
The  cochineal  of  Mexico,  and  the  sca/rlet  grain  of 
Foland,    are    insects    of    this   family;   and    species   of 

Fxo.  442. 
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Bark-loose,  AtpidiotM  HarritU,  Walsh.    A  and  B  enlarged. 

Bark-lice  furnished  the  famous  kokJcos  of  the  Greeks,  the 
coccus  of  the  Romans,  the  kermes  of  the  Arabs,  the  cocchi 
of  the  Italians,  and  the  alkermea  of  the  Persians. 

Some  kinds  of  liemiptera,  as  the  Boat-flies  or  Notonec- 

tidse,  live  in  the  water,  and  are  noted  for 
their  habit  of  swimming  on  their  backs. 
Others,  as  the  Scoi-pion-bugs  or  Nepidae, 
live  in  the  water,  and  are  adapted  for 
seizing  prey  by  their  fore  legs,  which 
flex  upon  themselves,  and  thus  act  as 
pincers.  Some  kinds  of  scorpion-bugs 
(Fig.  443)  are  no  more  than  an  inch  long ; 
but  some  species  of  Belostoma^  with  an 
oval  body,  attain  a  length  of  three  or  four 
inches,  and  Ranatra^  with  a  narrow  body, 
is  about  three  inches  in  length.  Other 
kinds  of  hemiptera,  as  the  water-measurers  or  Hydrometri- 
dse,  are  found  on  the  surface  of  water,  over  the  surface  of 
which  they  move  with  a  gliding  motion. 

To  the  Hemiptera  belong  the  little  Chinch-bug  {Rhy- 


Scorpion-Bug, 

Nepa  apiculata, 

Harris. 
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Fig.  4U. 


parochromus)^  the  great  wheat-destroyer, 
^y^yind  the  well-known  Squash-bugs  {Coreus)^ 
both    of    which,    by    some    writers,    are 
vj  referred  to  one  family — Corisise.     And  to 
«j  this    sub-order   belong    also    the    minute 
'-insects    known   as   the   Thripsidse,  which 
cause    the    decayed     patches    on    leaves, 
\  melons,  etc ;  and  the  disgusting  Bed-bugs    squash  bng.  corem 
or  C^idae ;  and  the  Lice  or  Pediculidse.        '~"''  '^^""'• 
f  -X  \^^  The  Sub-order  of  Orthoftkba, — The  name  of  this 
group  is  from  the  Greek  orthos^  straight,  and  pteron^  a 
"Ving.     The  Orthoptera  have  wings  which  lie  straight 
v^  along   the   back,   and    have   tlieir    upper  wings   rather 
^  thick,  the  under  ones  the  larger  and  thinner,  and  folded 
/  in  plaits  like  a  fan.     The  Orthoptera  do  not  undergo  a 
^  complete  transformation,  but  they  pass  by  insensible  gra- 
dations from  the  larval  to  the  adult  stage,  all  the  while 
,   remaining  active.     A  few  of  the  leading  forms  are  here 
enumerated,  and  some  of  them  illustrated. 

The  so-called  Earwigs  or  Forficulidse, 
have  the  body  armed  at  the  hind  ex- 
tremity with  a  pair  of  pointed  nippers. 
The  Cockroaches  or  Blattidse,  have  the 
body  broader,  flattened, 
and  the  hind  extremity 
furnished    with  'conical 
articulated    appendages. 
The  Walking-sticks  (Fig. 
449)  and  Walking-leaves, 
or  PhasmidfiB,  closely  re- 
semble twigs  and  leaves. 
The  Mantes  or  Manti- 

Coo^r^X..BUUtaorie,UaU».     ^^,  Farjia.     ^^^  ^^^  ^^^j^   cloUgated, 


Fio.  445. 


Fio.  446. 


Linn. 


la. 


ahticulata:  insecta. 


and  have  the  fore  legs  formed  for  aeizing  and  holding 
y         prey;  and  they  Bit  for  honrs  holding  up  their  fore  legs, 
ready  to  eeize  any  ineecte  within  their  reach. 


Ameiioui  UaotlB,  MantUeanHHaotmOiote. 


VulklDg  iMt.  JK^iuni  $icr:ifi>lit 


W«]kinB-atlCk,  Diaphim 
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The  Crickets  or  Gryllidse,  have  an  oblong  flattened 
body,  long  stylets  at  the  hind  extremity 
of  the  body,  and  the  females  are  pro- 
vided with  a  very  long  ovipositor  for 
introducing  their  eggs  into  the  ground ; 
and  the  males  have  the  membranes  and 
nervures  at  the  base  of  the  wings  so 
specialized  that,  by  the  rubbing  of  the 
wings  upon  each  other,  they  can  pro- 

white  oumbine-cricket,   dnce  a  sound  known  as  a  chirrup. 

<E«aM«,mvam,B(,iv.        -jj^g  Locnsts  OP  Locustidse,  are  grass- 


Eat^did,  dfrlaphyUui 


hopper-like,  and  have  very  long  antennaa  and  four-jointed 
tarsi,  and  the  females  have  a  long  ovipositor. 
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The  Migratory  Locusts — or  Acrydii  of  Latreille — and 
their  allies  are  orthoptera  which  have  a  large  head,  short 
anteiinse,  and  three-jointed  tarsiy  instead  of  four-jointed, 
as  in  the  Loenstidee ;  and  they  have  no  projecting  ovipo- 
sitor. The  celebrated  Migratory  Locusts  {Acrydium\  the 
Ked-legged  Locusts  {Caloptenus\  and  the  Coral-winged, 

Fia.  463. 


Clouded  Lociut,  USdipt/da  neUulo»a,  EricLson. 

the  Yellow-winged,  and  the  Clouded  Locusts  {(Edipoda\ 
and  most  of  the  ordinary  Grasshoppers,  are  examples  of, 
this  family. 

7.  The  Sub-obdbb  of  Nkukopteba  is  made  np  of 
insects  well  known  under  the  names  of  White  Ants, 
Stone-flies,  May-flies,  Dragon-flies,  Ant-lions,  etc.  The 
name  comes  from  the  Greek  neuron^  a  nerve,  and  pteron^ 
a  wing.     The  insects  of  this  group  have  a  long  body,  and 

^x  four  long  membranous  and  finely  netted-veined  wings, 
^rH;he  anterior  pair  being  generally  the  smaller ;  very  large 

'\eyes  and  large  mandibles;  and  they  are  destitute  of 
weapons  except  their  jaws.  Most  of  the  Neuropters  live 
in  the  water  during  the  larva  and  pupa  state,  and  many 
species  do  not  undergo  a  complete  metamorphosis. 

The  White  Ants  or  Termitid®,  inhabit  only  warm 
countries,  and  in  the  larva  state  feed  upon  wood,  devour- 
ing wooden  furniture,  and  even  whole  houses,  as  they 
have  done  in  the  Isle  of  France.  The  Stone-flies  or 
PerlidsB  (Fig.  456),  have  many-jointed  antennae,  and  the 
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abdomen  has  two  long-jointed  appendages.  The  May- 
flies or  Ephemeridte  (Fig.  455),  are  very  short-lived, 
living  in  the  imago  state  scarcely  more  than  a  day,  al- 


KV-nr.  ^hrwii 


Dngon-Fly,  IMxllHla  tnniaciilata,  BtGeer. 

though  their  larva  and  pupa  state  extends  through  several 
years,  all  of  which  they  pass  in  the  water. 
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The  Dragon-flies  or  LibellulidsB  (Fig.  457),  are  among 
the  best  representatives  of  the  Nearoptera,  and  have  a 
long  body,  exceedingly  large  eyes,  powerful  jaws,  and 
large  and  lustrous  wings.  In  the  larva  and  pupa  state 
they  live  in  the  water ;  and  when  the  time  comes  for 
them  to  complete  their  transformation,  they  crawl  up  the 
stems  of  plants,  and,  having  withdrawn  from  the  pupa^. 
skin,  which  remains  fixed  to  the  plant,  and  having  become 
dry,  they  fly  swiftly  away.  At  all  periods  of  their  lite 
they  are  exceedingly  rapacious,  feeding  upon  all  insects 
which  they  can  capture. 

To  the  Neuroptera  also  belong  the  Homed  Corydalis 
(Fig.  460),  and  its  allies  or  SialidsB,  the  Ant-lions  (Fig.  461), 
and  other  Lace-wings  or  Hemerobini,  and  the  Oaddice- 
flies  or  Phryganidse  (Fig.  458). 

/^he  Ant-lions  are  famous  for  the  pitfalls  which,  while 
in  the  larva  state,  they  make  in  the  sands,  and  at  the 
bottom  of  which  they  lie  concealed  all  but  the  jaws,  and 
there  await  insects  which  fall  into  their  pit ;  these  they  at 
once  seize  and  devour. 

Some  kinds  of  Neuropters  are  wingless,  and  are  called 
degradational  forms,  and  closely  resemble  the  Myriapods. 
Such  are  the  Spring-tails  or  Thysanura  or  Poduridse, 
which  have  a  cylindrical  scaly  or  hairy  body,  short  and 
four  to  six  jointed  antennae,  four  to  eight  simple  eyes  on 
each  side,  and  whose  anal  bristles  are  united  and  bent 
under  the  body,  forming  a  sort  of  spring  by  means  of 
which  these  insects  leap.  Such  also  are  the  Bristle-tails 
or  Lepismatidse,  which  have  a  long  body  covered  with 
silvery-like  scales,  and  the  abdomen  fm'nished  with  three 
long  bristles.  They  are  found  among  old  books  and 
woolens,  and  also  under  stones  and  rubbish  in  damp 
situations. 
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lam  ot  Homed  CoiTdalls. 


Ant-Llcpn.  M]fl~mdcoa  obalelia. 


il-Lion  ;  tips  of  Jiwa  ciptaeil.- 


of  Ant-UoD.— EiilBrgBd. 
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SUB-3ECTI0N    III. 


The  Obdee  of  AaACBNiDA  oe  Spideus,  Scoepion8,  anii 

MiTBS, 

The  Amchnida  are  ineeets  which  have  the  body  divided 
JDto  only  two  well-marked  regions — the  head  and  hind 
body,  the  head  and  thorax  being  ^^  ^^ 

closely  united  in  one  piece,  tiiere- 
by  resembling  the  cephalo-thorax 
of  the  Crustaceans. 

Ab  regards  their  form,  they  may 
be  said  to  represent  esBentially 
the  same  idea  among  Insects  that 
Crustaceans  do  among  Articulates. 

Arachnids  have  simple  eyes, 
and  four  pairs  of  legs;  they 
have  no  antennEe,  no  wings,  and 
in  general  they  do  not  change  in 
form  after  they  are  hatched  from 

the  egg.     In  coming  to  maturity     An  Ar«ciinid— s^dw.  £«»» 
they  monlt  their  skin  six  times. 
The  name  Arachnida  is  from  the  Gr.  araehne,  a  spider. 

Py  some  writers  the  Arachnids  are  regarded  as  a  Class, 
separate  from,  and  even  higher  than  Insects;  but  their 
form  and  structure  seem  to  show  that  they  are  one  grade 
or  type  of  the  great  group  of  Insecta,  and  lower  than 
Insects  proper.  They  are  less  highly  cephalized  than  typi- 
cal hexapodouB  insects.*   "  "We  must  look  upon  the  Spider 

*  Ce/Aiiiiaiion — a  term  Introdaced  by  FroIee«or  J,  D.  Dans — reters  to 
htad-iominaibm.  It  refer*  not  oaly  to  the  head  and  Its  stmctore,  but  also 
tu  "the  extvut  to  which  the  rest  at  the  bod;  directly  contributes  byil* 
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as  a  hexapodous  insect  degraded,  wingless,  and  partially 
decephalized." — Packard.  They  naturally  divide  into 
three  Sub-orders : 

,  1.  ARAKEpf  A  or  Spiders  proper ;  with  cephalo-thorax  and  abdo- 
men distinctly  marked  as  two  regions,  and  connected  together 
by  a  slender  pedicel;  the  abdomen  without  segments;  the 
palpi  or  modified  maxiUe  resembUng  shorter  legs  ;  the  man- 
dibles ending  in  a  hook ;  and  the  hind  part  of  the  body  pro- 
vided with  a  silk-spinning  apparatus. 

2.  PEDIPALPI  or  Scorpions  ;  with  the  abdomen,  in  the  best  rep- 

rei^entatives,  distinctly  divided  into  segments  ;  and  with  the 
maxillary  palpi  greatly  enlarged. 

3.  ACABINA  or  Mites  ;  with  the  body  oval  or  rounded,  and  with- 

out apparent  regions  ;  no  wings  ;  no  segments,  the  cephalo- 
thorax  and  abdomen  being  merged  into  one  piece.  / 

1.  The  Sub-order  of  Araneina  or  Spiders  proper,  are 
the  best  representatives  of  the  Arachnids,  and  their  won- 
derful structure,  and,  if  possible,  still  more  wonderful 
habits,  have  engaged  the  attention  of  observers  from  very 
early  times. 

Their  body  exhibits  two  well-marked  regions,  and  the 
more  or  less  oval  or  rounded  abdomen  is  connected  with 
the  cephalo-thorax  by  a  pedicel.     The  abdomen  is  not 

members  to  the  uses  or  purposes  of  the  head.^'  Professor  Dana  regards 
the  degree  of  cephalization  as  indicating  the  relative  rank  of  tlie  animal. 

Other  things  being  equal,  tlie  highest  degree  of  cephalization  is  exhibited 
in  those  species  which  have  the  posterior  extremity  abbreviated — that  is, 
not  lens^thened  out — and  the  anterior  part  of  the  body  most  compacted,  and 
the  parts  most  completely  subservient  to  the  head. 

Cephalization  reaches  Its  highest  expression  in  Man.  Hie  Mammalia  as  a 
whole  exhibit  a  high  degree  of  cephalization.  The  Fishes  a  low  degree. 
The  Camivora  are  more  highly  cephallzed  than  the  Herbivora.  The  Insecta 
are  more  highly  cephalized  than  the  Crustacea.  The  Crabs  more  highly 
than  the  Lobsters,  Craw-fishes,  and  Shrimps.  And  the  Cephalopoda  and 
Gasteropoda  are  more  hisrhly  cephalized  than  the  Acephela.~See  Professor 
Duna*s  learned  Papers  on  Ceptialization. 
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divided  into   rings   or  segments.     The  name  Araneina 
is  from  the  Latin  aranea,  a  spider. 


Foot  of  Spider,  mignlfied. 

Spiders  have  mandibles  which  end  in  a  strong  hook,  in 
the  end  of  whicli  there  is  an  opening  to  a  duct  which  con- 
nects with  a  poison  gland  situated  in  the  head.  The  max- 
ilim  are  modified  for  palpi,  and  resemble  a  pair  of  shorter 
l^p,  making  the  spiders  look  as  if  they  had  ten  legs  instead 
of  their  actual  number — eight.  In  the  females  the  palpi 
are  simple,  but  in  the  males  the  terminal  joint  is  modified 
80  as  to  be  a  sexual  organ. 

Their  alimentary  canal  is  remarkable  for  having  in 
many  cases,  later^  cieca. 

Their  circulatory  system  is  quite  highly  organized.-' 
The  dorsal  vessel  is  mainly  situated  in  the  abdominal 
region.     There    is  also   a  ventral  vessel  with   veins  or 
sinnses  which  act  as  veins. 

'  The  respiratory  system  of  Spiders  consists — in  most 
^cies — of  both  tracheie  and  air  sacs  or  lung-like  organs. 
The  latter  are  small  sacs  opening  by  transverse  fissures 
on  the  under  side  of  the  abdomen,  near  its  base,  and  the 
inner  sorfaco  is  in  the  form  of  lamellse  or  plates,  each 
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formed  by  a  membranous  fold.  The  trachess  communi- 
cate with  the  air  throagh  openings  called  stigmata. 

The  nervous  system  consists  of  a  small  brain  and  a  mass 
of  thoracic  ganglia  which  connect  with  more  or  less  de- 
veloped ganglia  in  the  abdomen. 

Most  kinds  of  spiders  have  eight  ocelli ;  but  some  kinds 
have  only  six,  some  only  two,  and  certain  species  which 
inhabit  caves  are  regarded  as  blind. 

One  of  the  most  wonderful  parts  of  the  structure  of 
spiders  is  their  silk-spinning  apparatus.  On  the  abdomi- 
nal extremity  there  are  from  fom*  to  six  protuberances, 
each  of  which  is  perforated  with  a  great  number  of  minute 
holes — in  some  species  as  many  as  a  thousand  in  each  pro- 
tuberance. From  these  minute  holes  passes  the  adhesive 
fluid  or  liquid  silk,  which  has  its  origin  in  internal  reser- 
voirs ;  and  as  soon  as  the  fine  streams  of  this  material 
come  to  the  air  they  harden  into  silk. 

The  eggs  of  Spiders  are  enclosed  in  cocoons  spun  from 
the  same  kind  of  material  of  which  they  construct  their 
webs,  and  the  form  of  the  egg-eases  or  cocoons  varies 
according  to  the  species.    The  young  remain  in  the  co- 

Fio.  466. 


Egg-case  or  Nest  of  a  Spider — **  Vase-marker  " — fowid  on  a  grape-ylne. 

coon  for  a  long  time,  and  grow  there  to  double  the  size 
which  they  have  when  hatched,  apparently  without  food. 
Some  kinds   (Mygale)  of  spiders  have  four  lung-sacs 
and  four  stigmata,  and  hence  Latreille  called  them  Te- 
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trapneamonee.  Thej  inhabit  warm  conntrieB,  and  live  in 
cylindrical  holes.  The  celebrated  "  Trap-door  Spider " 
ifi  of  this  division.    To  their  holes  or  tubes  they  construct, 


Ijiree  Hklry  Spider,  MffoU  Bealtil.—W*ai»iTi  ud  lonthwud. 

of  silk  and  earth,  a  perfectly  fitting  lid  or  door,  hanging 
the  door  with  a  hinge  of  silk ! 

A  vast  majority  of  spiders  have  only  two  lung-sacs,  and 
hence  are  called  Dipneumones.     These  have  three  pairs 
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of  spinnerets.  Some  kinds  (Clnbione)  construct  tubes  of 
silk  under  the  bark  of  trees  and  under  stones.  Others,  as 
the  Water  Spider  (Argyroneta  aquaticay  Linn.)  of  Europe, 
live  under  the  surface  of  the  water,  there  making  their 
nest,  which  is  filled  with  air.  Others  {Tegenaria)  make 
a  horizontal  web,  connected  with  which  is  a  tubular  re- 
treat, where  the  spider  remains  till  some  fly  or  other 
insect  becomes  entangled  in  the  web.  Those  belonging 
to  the  genus  TTieridion  have  the  four  inner  ocelli  larger 
than  the  four  outer  ones,  and  the  first  and  last  pair  of  legs 
longest.  The  genus  Epeira  includes  those  which  have  a 
large  globular  abdomen  ;  they  are  sedentary  species,  con- 
structing a  web  formed  of  spiral  threads,  and  other 
threads  radiating  from  a  center.  Nephila  is  a  genus  of 
large  spiders,  which  have  a  long,  cylindrical  abdomen. 
Nephila  plmnipes  of  the  Southern  States  has  become 
celebrated  from  the  interesting  experiments  made  with  it 
by  Dr.  B.  G.  Wilder,  who,  in  less  than  a  day  wound  from 
it  nearly  two  miles  of  silk !  Tkatnisus  includes  "  wander- 
ers" having  veiy  small  cheliceres  (maxillary  palpi).  Do- 
lomedes  includes  wanderers  which  hide  under  stones,  and 
not  unfreqilently  dive  under  water,  and  which  make  an 
orbicular  cocoon  which  is  carried  by  the'  mother.  Lycosa 
(Fig.  464),  is  a  genus  of  large  hairy  spiders,  with  large 
cheliceres,  with  the  fourth  pair  of  feet  the  longest,  and 
the  third  pair  shortest.  The  Tarantula  belongs  to  this 
genus.  The  genus  Salticus  includes  the  leaping  spiders ; 
they  have  a  large  square  oephalo-thorax. 
\  2.  The  Sub-order  of  Pedipalpi  or  Scorpions,  and 
closely  allied  forms,  have  the  maxillary  palpi  greatly 
developed,  and  in  most  cases  ending  in  forceps,  and  their 
abdomen  jointed.  It  is  on  account  of  their  jointed  abdo- 
men that  they  are  also  called  Arthrogastra,  from  the  Gr. 
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arehivn,   a  -joint,  and   gasier,  *^  *"■ 

belly. 

Some  kinds  respire  by  Inng- 
eacs,  and  some  by  meuis  of 
trachesa.  In  the  true  Scor- 
pions— ^fonnd  in  warm  climates 
— tbe  bind  body  is  mnt-h  elon- 
gated, and  ends  in  a  curved 
point  OT  sting,  vrliich  discharg- 
es a  poisoDooB  floid  into  the 
wonnde  which  it  makes. 

In  old  books  and  tmnsed  cab- 
inets there  are  found  minute 
members-  of  this  snb-order 
which  have  the  abdomen  rather 
broad,  flattened,  eleven- join  ted, 
and  withont   appendacreB,  and 

,,.  ,.,  in  1   Boocnlon,  BKAHt  eanrfinioiiKi,  Bmd- 

their  palpi  large,  and  formed  mi,. 

like  those  of  tbe  scorpion ;  these  are  False-scorpions  or 

Pseudo-Bcorpions. 


To  the  Pedipalpi  belong  also  tbe  Daddy  Long-legs  or 
PhalangidsB  j  these  have  the  legs  eseoessively  dongated. 
15* 


r 
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The  Sob-oedee  of 


r  Mites,  h&ve  oval  or 
rounded  bodies  whicli  ex- 
hibit no  articnlation  or  di- 
TisioDB  into  a^^ente,  tlie 
eepbalo-tborax  and  abdo- 
men being  merged  toge- 
ther. Most  of  the  speciee 
I  are  very  minote;  a  few' 
kinds,  however,aa  the  Ticbe, 
attain  the  length  of  half  an 
inch.  The  Bed  Mites  or 
Trombididee,  are  common 
in  the  dry  warm  beds  of  the 
Tick,  /i-<fc.  aibipia^,  I'kckird.        garden.     The  Ticks  or  Ixo- 

yonng;  »na  foot  abovliig  cUws  ind  jnek-   "'""'»  •""      "  6"^ 

ing  dirt  d:  a,  giowiids;  b,  mudihin;  c,  leather-like  bodies  ;  they  at- 
muiiiuTp^i.  jij^jj^  theoiBelves  to  man  and 

animals,  especially  in  warm  conntrie^ 
-''  Of  the  tme  Mites  or  Acaridsa,  we  may  mention  the 


r.  Hiebi;  mientfled. 
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Sugar-Mite  (Tyroglyphua  sachxm)^  common  in  mirefined 
sugar,  the  Cheese-Mite  {Tyroglyphus  siro\  the  Flour- 
Mite  (Tyroghjphus  farinoi)^  the  Iteh-Mite  {Sarcoptea  sea- 
Uei) ;  the  last  being  the  insect  which,  by  burrowing  and 
breeding  under  the  skin,  causes  the  loathsome  disease 
which  bears  its  name  ;  and  here  also  belongs  the  curious 
Nose-Mite,  which  buries  itself  in  the  follicles  of  the  hu- 
man nose. 

The  last  named  is  perhaps  the  lowest  of  the  Mites,  ex- 
cepting only  certain  microscopic  worm-like  mites  found  in 
standing  water,  and  called  "  Water-bears  "  or  Tardigrada. 

*         Sub-section  IV. 
The  Order  of  Myriapoda  or  Myriapods.     . 

The  name  Myriapoda  comes  from  two  Greek  words 
murios,  numerous,  and  j>otLS,  a  foot,  and  is  given  to  in- 
sects which  are  long,  and  more  or  less  worm-like  in  their 
general  appearance,  and  provided  with  numerous  locomo- 
tive appendages.  Their  head  is  distinctly  marked,  and 
similar  to  that  of  typical  insects.  There  is,  however,  no 
gi'ouping  of  the  segments  into  regions  as  in  the  two  orders 
of  insects  already  noticed.  They  may  perhaps  be  said  to 
represent,  as  regards  their  general  form,  the  same  idea 
among  insects  that  worms  do  among  Articulates. 

The  number  of  segments  in  the  Myriapods  varies  in 
the  different  kinds  from  ten  to  two  hundred.  These  ani- 
mals are  divided  into  two  Suborders : 

1.  The  Sub-order  of  CAtilopoda  (from  the  Greek 
chetlos^  a  lip,  and  pcmSy  a  foot)  includes  myriapods 
which  have  each  segment  simple,  and  bearing  a  single 
pai?*  of  feety  and  which  have  the  head  divided  into  two 
regions,  one  before  and  the  other  behind  the  mouth.     To 


\ 
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this  sub-order  belong  the  so-called  "Ear. 
wigs"  or  Lithobiidse,  which  hare  a  broad  and 
flat  head  and  forty  jointed  antennae,  and 
which  feed  mainly  upon  earth-worms;  tlie 
Centipedes  or  Scolopendridse,  which  have 
from  twenty-one  to  twenty-three  feet-bearing 
segments,  and  which  in  some  species,  as  those 
of  the  tropics,  are  six  to  nine  inches  long ; 
and  the  Geophilidae  (Fig.  474),  characterized 
by  their  slender  form,  and  by  their  great 
Earwig,    Litha.  number  of  segments,  varying  in  the  diffei^ent 

n«!  Ne^rr  ^"^^^^  ^^^^  ^^^^^^7  ^^  ^^0  hundred. 

Fz«.  474. 


Oti^pkOivu  MptmcHecpf,  Wood. 

2.  The  Sub-order  of  Chilognatha  is  composed  of  myr- 
iapods  which  have  very  short  and  few-jointed  antennfe, 
very  numerous  segments,  and  each  segment  provided  with 

FiQ.  476. 


**  Thonsand-legi/'  JWm  eoMaOmtk,  Neirport. 

two  pairs  of  feet.     The  name  comes  from  the  Greek 
cheiloSy  lip,  and  gnathos^  a  jaw. 

To  this  group  belong  the  "  Thousand-legs ''  or  Julidie, 
which  have  the  body  nearly  cylindrical,  and  made  up  of 
nearly  equal  segments;  the  Polydesmid«,  which  are 
broad  and  flat ;  and  the  Glomeridee,  which  have  few  seg- 
ments, and  which  have  the  habit  oi  rolling  themselvea 
into  a  ball. 


SECTION  III. 

THE  CLASS  OF  CRUSTACEA  OB  CRUSTACEANS. 

Sub-section  I. 
The  Crustacea  Considered  as  a  Class. 

The  Crustacea  include  all  articulated  animals  which 
are  covered  with  a  crust  or  shell,  and  which  have  the 
head  and  thorax  united  into  one  piece  called  the  cephaLo- 
thorax^  and  wliich  respire  by  means  of  branchiae  or 
gills.  The  shell  is  leathery,  horny,  or  calcareous,  and 
like  that  of  Insects,  contains  chitine. 

Crustaceans  are  thus  aquatic  in  their  mode  of  respira- 
tion, and  most  kinds  live  in  the  water — a  vast  n»ajority 
in  the  ocean  ;  but  some  kinds  live  on  the  land,  mainly  in 
damp  places. 

As  examples  of  this  class,  we  may  mention  the  Crabs 
(Figs,  vignette,  480, 481),  Lobsters  and  Oraw-fishes  (Figs. 
477, 485),  Shrimps,  Sand-fleas  (Fig.  490),  Barnacles  (Figs. 
504,  506),  etc. 

As  already  indicated,  the  head  and  thorax  are  so  closely 
imited  that  they  appear  as  one  piece  or  segment,  and  so 
the  Crustaceans  exhibit  only  two  well-marked  regions — 
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A  CiiuUiwtm— yonne  Cnb  nugtiiBed.    (Natnriil  Bin  Indlcmted  by  the 

the  cephalo-thorax  and  the  abdomen ;  only  tlie  latter 
ehowing  distinctly  the  rings  or  segments  of  which  it  is 
compoaed. 

Normally,  the  body  of  a  Ornstacean  consists  of 
twenty-one  rings  or  segments— y»Mr^«»  belonging  to  the 
cephalo-thorax  and  aeven  to  the  abdomen;  but  in  the 
adult  state  these  segments  are  not  apparent  in  the 
forward  portion  of  tlio  animal,  nor  always  in  the  hind 
portion. 

The  external  appendages  of  Cnietaeeans  are  nnmerons, 
and  all  these  appendages  have  the  same  fundamental 
structure,  and  all  are   r^;arded  as  locomotive    organs, 
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Mouth  iDcloBad  br 
nundiblas  or 
mudlble-feet. 


Abdranlnil  locomo- 


A  Crnstacam— C™r-fl«h  ai  wen  from  talow. 

although  they  are  modified  bo  as  to  perform  very  many 
and  variouB  functions,  as  those  of  antennaa,  eyes, 
jaws,  claws,  feet,  paddles,  and  tail — that  is,  tliese  appar- 
ently very  different  organs  are  only  modified  locomotive 
appendages ! 

The  mouth  is  situated  nndemeath  and  somewhat 
tack  from  the  anterior  border  of  the  liead.  The 
gullet  is  Bhort,  tlie  stomach  large,  and  the  intestines 
slender. 

The  blood  is  colorless,  or  nearly  bo,  and  is  kept  in 
motion  by  a  heart  situated  just  under  tlie  top  of  the  back, 


—  AdxIIIuj  Jtm  or  foot'iiuiiillblF*. 


AbiIUht  Javi  DT  AMl-maiidlblu. 


AoitUifjr  Jin  or  rnot-miudiblw. 


niedipainofliBOiiKitlTeiiipsndag«ofmCTaMc««— CnwHUta— whliA  H 
fled  10  as  to  coiutitnte  th«  mabtkatory  ^tparmtut. 
Fio.  479. 


Olrcuktorj'  uiil  Baiplntory  ■pp'ntna  of  >  Crailaaeui— Gnu-Bab. 

oo,  uteDDH  arUrr  ;  Dd.  opbthalmic  artery  ;  Id,  bepKtle   aitery  \  h,  beart ;  bv, 

brancblo-oirdlac  Teaeele  attjlng  blood  trans  tbe  brancbiaa  to  the  beart  :  u.  eternal 

aiterj  i  too,  aaperkir  abdomliial  trttrj ;  x,  ».  Tebooa  alDiuea  rscelTlag  btood  Itom 

the  nrlone  pacta  oT  tbe  body,  a   ' 


CRUSTACEA  CONSIDERED  AS  A  CLASS.       353 

and  composed  of  a  single  cavity.  The  respiratory  organs 
consist  of  brancliiffi  or  gills  (Fig.  479),  as  already  stated. 

Tlie  voluntary  innsctles  are  composed  of  colorless  fibres, 
inserted  on  the  interior  of  the  solid  covering  or  drnst, 
which  may  be  called  an  external  skeleton. 

The  nervous  system  consists  of  a  double  series  of  gan- 
glions, situated  on  the  ventral  side  of  the  body,  and 
connected  with  the  cephalic  ganglions  situated  before  and 
above  the  gullet. 

The  sense  of  sight  is  present  in  nearly  all;  that  of 
hearing  is  indicated  by  organs  only  in  the  highest.  Little 
is  known  in  regard  to  their  sense  of  smell  or  taste. 
Their  sense  of  touch  is  highly  developed. 

The  Crustaceans  have  a  wonderful  power  of  repairing 
injuries  to  themselves.  If  a  leg,  or  other  appendage,  be 
broken  oflf,  another  like  it  soon  grows  in  its  place  I 

But  one  of  the  niost  remarkable  facts  regarding  the 
Crustaceans  is  that  from  time  to  time  they  shed  the  shell 
in  one  piece,  so  that  the  castofE  shell  looks  exactly  like 
the  perfect  animal-r— antennae,  eyes,  jaws,  legs,  paddles, 
and  even  every  hair,  are  all  just  as  they  were  when  they 
covered  the  living  crustacean  !  The  animal  comes  out  of 
its  shell  through  a  rent  on  the  back,  and  is  at  first  very 
soft ;  it  at  once  increases  in  size,  and  in  a  few  days  its 
skin  becomes  as  hard  as  the  shell  which  it  cast  ofi*. 
This  shedding  of  the  shell  is  necessary  for  tlie  growth 
of  these  animals :  for  while  the  ishell  remains  the  Cmsta- 
cean  can  grow  only  just  large  enough  to  completely 
fill  it. 

When  a  Lobster  is  ready  to  shed  its  sheU,  there  are  two  hard 
stone-like  bodies  at  the  sides  of  the  stomach,  and  it  is  supposed  that 
tliese  furnisli  a  part  of  the  solid  matter  for  the  new  shell ;  for  they 
immediately  begin  to  grow  smaller  after  the  moulting,  and  soon  en- 
tirely disappear.  ^.fX 


/■ 
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The  Crustacea  have  been  variously  divided,  some  nat- 
uralisfcs  recognizing  few  orders,  others  many.* 

Professor  Verrill,  the  eminent  Zoologist  of  Tale  Col- 
lege, has  adopted  the  following  classification  of  the 
Crustacea.  It  is  a  modification  of  that  of  G.  O.  Sara 
(Fresh-water  Crustacea  of  Norway) : 

I.  SUB-CLASS,  MALACOSTRACA. 

Okder   L  Thoracostraca  =  Podophthalmia  (nearly). 

Sub-order  I.  Dbcapoda    (includiog    Bracliyura,    Anomoura, 

Macrara,  and  Schizopoda  (Myns). 
"      *'     II.  Stomapoda  or  Sqailloidea. 
*'      "    III.  CuMACBA  {DiaaylU), 

Order  II.  Arthrostraca  =  Tetradboapoda. 

Sub-order  I.  Amphipoda. 

**        **        II.    ISOPODA. 

II.  SUB-CLASS,  BNTOMOSTBACA. 

Order  III.  Limuloidea. 
"       IV.  Trilobita. 
"        V.  Phyllopoda. 
"       VI.  Cladocera. 

"      VIL  OoPEPODA  (including  LerncmyCaliguSy  Argu- 

lusy  etc.). 

**      VIII.   OSTRACODA. 
"  IX.   CiRRIPEDIA. 


*  Excluding   the  Girripedia,   Milne-Edwardd  recognizes  the  following 
Orders  of  the  Crustacea  : 

1.  Decapoda,  including:  Brachyura,  Anomonra,  Macronra. 

2.  Stomapoda,  as  Mysis,  Squilla,  etc. 

S.  Amphipoda,  as  Gammarus,  Talitra,  etc. 

4.  Laemodipoda,  as  CaproUa,  Cyamus,  etc. 

5.  Isopoda,  as  Idotea,  etc. 

6.  Phyllopoda,  as  Branchipus,  Llmnadia,  Nebalia,  etc. 

7.  Cladocera,  as  Daphnia,  etc. 


DECAPODA  OR  CRABS,  LOBSTERS,  ETC. 
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Having  now  made  the  student  acquainted  with  several 
classifications  of  the  Crustacea,  we  have  decided  to  adopt, 
for  our  present  purposes,  the  classification  proposed  by 
Professor  J,  D.  Dana,  who  recognizes  only  three  Orders : — • 


.  Deo  APOD  A  or  Ten-footed  Crastaceans,  with  only  five  foot-seg- 
ments; as  Crabs,  Lobsters,  Craw-fishes,  Shrimps,  Prawns,  etc 

2.  TeTRADECAPODA  or  Fourteen-footed  Crustaceans,  with   seven 
foot-segments  ;  as  Sand-fleas,  Wood-louse,  etc. 

3.  EnTOMOSTRACA  or    Insect-like    Crustaceans,    with     the    body 
defective  as  to  segments  and  feet ;  as  the  Horse-shoe  Crab, 

Daphnia,  Cypris,  Cyclops,  Barnacles,  etc^ 

/ 


Sub-section  II. 

The  Order  of  Decapoda  or  Crabs,  Lobsters,  etc.  , 

As  already  indicated,  the  Crabs,  Lobsters,  Crawfishes, 
Shrimps,  Prawns,  etc.,  have  each  five  f oot-seginents ;  that 
is,  five  segments  which  bear  a  pair  of  so-called  feet ;  hence 


8.  Copepoda,  as  Cyclops,  etc. 

9.  OBtrapoda,  as  Cypris,  etc. 

10.  Araneiformes,  as  Pycnogonon,  etc. 

11.  Syphonostoma,  as  Culigus,  etc. 

12.  Lerneeiformes,  as  Lernsea,  etc. 

13.  Xyphosnra,  as  Limulus. 

Dr.  A.   8.  Packard,  jr.,   writes  me  that  he  is  inclined  to  classify  tlie 
Crustacea  essentially  thus : 


Sub-class  I. 

Dconpoda, 

Tetradecapoda, 

Nebaliadee, 

Pliyllopoda, 

Cladocera, 

Ostracoda, 

Copepoda  (including  Siphonostoma), 

Cirri  pedia. 


Sub-class  II. 


( Trilobata, 
1  Mcrostomata. 


/ 
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the  name  of  this  order  is  called  Decapoda,  from  the  Greek 
dekaj  ten,  kxid  jpoud,  podos,  foot. 

The  Decapoda,  as  regarded  bj  Dana,  are  essentiany  equivalent  to 
the  Podophthahnia  of  authon  (from  the  Qr.pous,  podo$,  foot,  and  cph- 
thcUmos^  eye^— the  eyes  being  on  movable  footstalks),  and  include  not- 
only  the  typical  Decapods — Bfachyurans,  Anomourans,  and  Maerou- 
rans  (Figs.  480-485) — but  they  also  include  the  Schizopods  (from  the 
Gr.  sehizHn,  to  divide,  and  pous,  podas,  foot — ^the  legs  having  each  an 
accessory-jointed  branch,  as  in  Myns,  Fig.  488),  and  the  Stomapods 
(SquiUa,  Fig.  487). 

The  typical  Decapods,  or  best  representatives  of  the 

Fl».  480.* 


group,  have  nine  segments  belonging  to  the  head,  and  six 

pairs  of  appendages  in  the  oral  apparatus  (Fig.  479). 

-  /^he  Crabs,  of  which  there  are  many  families,  are  re- 

*  Figs.  480,  484,  488, 489,  491,  493,  and  501,  are,  by  permisBlon,  from  the 
**  Repoi-t  upon  the  Invertebrates  of  Vineyard  Sound  and  Adjacent  Waters, " 
by  A.  E.  Verrill  and  S.  I.  Smith. 
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gaided  as  the  highest  members  of  the  Decapods,  and 
together  they  constitute  a  great  group  called  the  Bbacby- 
QKi,  from  the  Oreek  hrachus,  short,  and  ov/ra,  a  tail. 
These  cmstaceans  have  the  hind  body  or  abdomen — popii- 
larly  called  the  tail — shorter  than  tlie  cephalo-thorax,  and, 
in  a  state  of  rest,  brought  forward  nnder  the  latter,  wliere 
it  fits  into  a  groove.  In  the  males,  the  abdomen  is 
triangnlar,  and  furnished  at  the  base  with  two  or  four 
horn-like  appendages;  in  the  females,  it  is  wider,  and 
has  beneath  it  four  pairs  of  double  hairy  appendages  to 
wliich  the  e^s  adhere  when  they  are  laid. 

Crabs  vary  in  size  from  a  fraction  of  an  inch  across,  to 
those  which,  witli  the  legs  spread  out,  cover  a  space  of 
more  tlian  a  yard  sqimre. 


tmaticm  Bdlbla  Owb.  tupa  Jimntto,  mnt-Minirti.    B«dai»d  oiu  hiU 

Crabs  undergo  great  changes  after  they  leave  the  egg. 
before  they  acquire  the  form  of  the  pai-ent.    In  a  word, 


Vertehrata:  ciiusrACEA. 


Cnb,  with  mMt  o(  tba  Bhell  of  tbe  Cepbilo-tboru  remored. 
n.  RiembrMioiK  HalDg  or  the  Bhsll;  A,  bettli  id,  ophtfaklrnlo  ■rteir:  on,  at 
flubeUITatni  qipeudli  dT  the  UmlkJaWBi  li,  ■tomuhi  nu,  maacleaot  the  ata 


UEtamorpboetB  of  tba  Cnb. 
a:  B.  Hcond  itnge;  C,  tbird  Btage;  D,  perCMt  lOrni. 
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tbey  pass  throngh  some  of  tlie  forms  of  the  lower  cmsta- 
eeans  before  they  assame  tlie  form  which  they  are  to 
retain  (Fig.  483).  The  same  is  true  of  Lobsters  and 
other  decapods  (see  Fig.  484). 


■BidB— In  Ibe  Isnil  lUes.       A. 
i;  S>,  thoTKtoleg.  ^"^ 

The  movementB  of  Crabs  are  very  curious;  as  they 
move  forward,  backward,  sidewise,  and  obliquely,  appai> 
ently  with  equal  facility. 

ITie  etirions  decapods  known  as  Hermit  Crabs  {Pagarua, 
etc.), "back" into  the  dead  shellsof  gasteropods, and  there 
remain,  carrying  the  Ehell  with  them  wherever  they  go,  as 
long  aa  it  is  large  enough  to  accommodate  them.  When 
tliey  outgrow  their  home,  they  abandon  it  and  back  into 
another  shell.  The  Hermits  and  their  allies  are  the  Ano- 
HouBA — from  the  Gv.  anomoioe,  unlike,  and  owro,  tail ; 
they  have  tlie  hind  body  very  unlike  that  of  otlier  deca- 
pods, being  mainly  soft  and  deficient  in  appendages. 


<' 
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Tbe  Lobsters,  Crawfieliee,  Slirtmps,  etc.,  have  a  long 
abdomen  or  "  toil,"  and  this  is  curved  downwards  iind 
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forwards;  together  they  constitute  the  group 
called  Maorura,  from  the  Greek  maJcros^  great, 
and  oura^  a  tail. 

The  Sea-Mantis  and  its  allies  are  often  called  Gas- 
TBUBA — from  the  Gk.  gaster^  stomach,  and  oura^  tail 
— because,  unlike  the  preceding  groups,  they  have  the  vis- 
cera extending  into  the  abdomen.  They  are  also  called 
Stomapods — from  the  Greek  stoma^  a  mouth,  and  pouSj 
fodoa^  a  foot — because  several  of  the  organs  which  normal- 
ly belong  to  the  mouth  have  the  form  of  feet. 

Although  the  Stomapods — Squilloidea  {SqwiUa^  etc.)  are 
related  to  the  typical  decapods  ;  they  difter  so  much  from 
the  latter,  that  Milne-Edwards,  and  some  others,  regard 
them  as  an  order  entirely  distinct  from  the  Decapods. 

Some  other  decapod-like  Crustacea  {Diastylisj  etc.), 
which  vary  from  all  those  now  noticed,  are  referred  to  a 
group  named  Cumacea. 

Fio.  489. 


Diaatyli*  iiuadyHspinfaa,  Q,  O.  Sars. 

IC 
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Sub-section  IIL 

The  Order  op  Tetradecapoda  or  FouRTBBN-pooTEn 
Crustaceans. 

The  living  representatives  of  this  group  are  mostly  oi 
very  small  size,  few  attaining  oven  an  inch  in  length. 
Fib  *9o.  Tliey  have  seven  foot-rings  or  segments, 
bearing  seven  pairs  of  locomotive  append- 
ages, or  so-called  feet.  The  scientific  name 
of  the  order,  it  will  be  seen,  means  fonrteeii- 
footed. 

The  IsopoDA — from  the  Greek  isoa,  equal , 
and  pons,  a  foot — Iiave  the  hody  flattened 
horizontally,  and  their  locomotive  append- 
ages or  legs  very  much  alike.  Their  four 
posterior  pairs  of  legs  ai-e  in  one  series,  and 


iHipoil.  Idolaa  Imrala,  Edwi 
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the  three  anterior  in  another  series ;  and  their  branchiae 
are  abdominal. 

Many  of  the  marine  species  are  parasitic  in  their  habits. 
Some  kinds  live  in  fresh  waters.  Those  called  Wood-lice 
(pniaoua)  and  the  Pill-bugs  {Armadillo)  live  on  the  land 
in  damp  cellars,  and  under  rubbish  in  damp  places. 

The  Amphipoda,  as  the  Sand-fleas  (Orchesiia,  TalUrus, 

and  Gavunarus),  have  the  thoracic  legs  in  two  series,  and 

the  four  anterior  pairs  are  di- 

,   ,  ,  T    ,      ,  riQ.  iea. 

rected  lorwardu,  and  the  three 

posterior  pairs  backward.  And 
their  respiratory  orgSDR  are  in 
the  form  of  membranous  vesi- 
cles, attached  to  the  base  of  the 
legs.    The  name   is  from  the  ^ 
Greek  amphi,  both,  and  pous, 
foot,  and  may  refer  to  the  fact 
that  the  Amphipoda  have  both 
thoracic  and  abdominal  append- 
ages, or  to  the  fact  that  in  the  legs  are  combined  both 
locomotive  and  respiratory  organs ;  or  to  the  fact  that  the 
feet  are  arranged  in  two  series,  one  pointing  forward, 
and  the  other  backward. 


CaprrQ4  granLAHxa,  Sar. 

The  Whale-Uee  {Gyamus),  CapreUa,  etc.,  are  crustaceans 
which  bear  a  resemblance  to  the  Amphipods  in  the  ar- 
rangement of  the  respiratory  organs,  but  differ  in  having 


B«aah,  or  SBod.Ftn, 
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a  rudimentarj  abdomen ; — authorB  describe  these  forms 
uuder  the  name  of  I-emodipods  {from  the  Greek  laimos, 
throat,  dif  two,  &a.dj>ous,  foot). 


SuB-SEcnoN  IV. 

The  Order  of  EfrroHOsiRAOA  OB  EircoHOSTRACAKa 

The  EntomoBtraca  are  cmataceaus  which  are  defective 
both  in  eegments  and  feet,  as  compared  with  the  two  pre- 
ceding orders,  and  rank  lower.  The  name  is  from  the 
Gr.  entOTibOS,  an  insect,  and  oatrakon,  a  shell. 

Normally  they  have  six,  or  five,  cephalic  rings,  and  eight 
or  nine  posterior  rings  belonging  to  the  foot  series.  More 
or  less  of  these,  however,  are  Hsnally  wanting.  The  abdo- 
men is  also  without  appendages. 

The  Merostomata  (from  the  Greek  meros,  thigh,  and 
stoma,  mouth),  are  entomos- 
tracans  which  are  represent- 
ed by  only  one  living  geniis 
{Limvlus — the  Horse-shoe 
Crab).  The  group  is  often 
called  Limuloidea,  and  also 
Xiphosnra  or  sword-tailed. 

The  Horse-shoe  Crab  at- 
tains the  length  of  one  or 
two  feet,  and  is  especially 
remarkable  from  the  fact 
that  it  uses  the  same  organs 
both  in  locomotion  and  in 
eating — the   thighs   of    the 


ENTOMOSTRACA, 

first  six  legs  performing  the 
liinctions  of  jaws  I 

The  embryonic  stages 
(Pigs.  49i,  495,  497)  of 
Limuhis— so  beautifully  re- 
presented by  Dr.  A.  S. 
Packard,  Jr.*,  —  together 
with  the  adult  forms,  sug- 
gest the  close  relationship 
of    the    Horse -shoe   Crabs 

.,1    m  /TTi.  ,„~       Another  Ttew  of  Horasjhoe  Cnit  imt 

With  TeILOBATA    (Figs.  498,  beto«  3»lcUng-m.«nUlea. 

499),  the  well-known  fossil  fonus  of  the  Silurian,  Devo- 
nian, and  CarboniferoQB  rocks.  And  not  far  removed 
from  the  Merostomata  and  Trilobata  are  the  extinct  Euryp- 


Vj 


Borae^boeCi 


terida,  which,  like  the  Trilobites,  belong  to  the  Pateozoic 
days  of  geology. 


akticulata:  Crustacea. 
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The  Phyllopoda  (from^Ai^Z^,  a  leaf,  Siudpous,  foot), 
have  long  and  more  or  less  shrimp-like  bodies,  with  nu- 
merous leaf-like  appendages  which  serve  both  for  loco- 
motive organs  and  gills.  They  are  found  in  both  fresh  and 
salt  water.  One  genus  {Artemia)  is  found  in  salt-vats  at 
salt  works ;  and  it  abounds  in  Great  Salt  Lake,  Utah, 
the  water  literally  swarming  with  them  in  some  places. 
Branchipibs  abounds  in  ponds,  and  is  rather  long  and 
slender.  Limnadia  has  a  bivalve  shell,  and  thus  external- 
ly resembles  Daphnia  and  Oypris.  Nebalia  reminds  some 
naturalists  of  the  Decapods,  while  others  (see  p.  355)  are 
inclined  to  regard  the  genus  as  belonging  to  a  distinct  order. 

The  Cladocera  (Water-fleas  or  Daphnia^  etc.),  like  the 
Phyllopods,  are  without  branchisB,  but  like  the  latter  have 
\  their  thoracic  members  so  formed  as  to  serve  the  pur- 
pose of  respiratory  organs.  In  most  cases  their  eyes  are 
merged  together  so  as  to  make  them  appear  as  one-eyed ; 
and  their  cephal  thorax  is  covered'  by  a  bivalve  shell. 
\^  The  name  is  from  the  Gr.  JdndoSy  a  branch,  and  keras^  a 
horn. 

The  Co^EPODA — from  the  Greek  Tcope^  an  oar,  and 
j>ou8^  a  foot — are  very  small  or  minute  species,  of  a  form 
reminding  us  somewhat  of  shrimps  and  crabs.  Cyclops 
is  only  about  one-sixteenth  of  an  inch  in  length,  and  has 

Fig.  601. 


) 


I 1 

Lemeanema  mdiata^  Steenstrup  and  Lfltken. 

apparently  only  one  eye  (Fig.  500,  A  and  1).  Caligus  and 
Argulvs  are  parasitic  on  fishes ;  the  latter  upon  fresh-wa- 
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ter  fishes,  and  is  common  on  the  pickerel,  especially  on 
the  gille.  The  two  last-named  genera  belong  to  the 
Siphonostoma  of  authors.  And  to  the  Siphonostoma 
also  may  be  referred  the  strangely-formed  parasites  Ler- 
nea  and  L&meiynema  (Fig.  501),  etc.,  formerly  described 
under  the  name  of  Epizoa.  ^ 

The  OsTEACODA  {Cypris,  etc.)  hare  no  branehiaa,  nor 
any  modification  of  limbs  to  serve  for  brancliisg — so  far  as 
is  apparent ;  the  body  does  not  exhibit  distinct  segments, 
and  is  wholly  inclosed  in  a  bivalve  shell.  The  name  is 
from  the  Greek  oetrakon,  a  shell.  Cypris  is  very  minute, 
and  abounds  in  ponds  and  pools.     Fossil  shells  of  extinct 
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species  of    the  Phyllopoda,   Oladocera,  and    Ostracoda 
abound  in  the  rocks  of  all  countries. 

The  CiRRiPEDiA  or  Barnacles  are  also  covered  with  a 
shell  in  their  adult  state ;  and  at  this  time  they  are 
attached  to  rocks,  shells,  etc.  In  the  young  state  they 
are  naked,  and  free  to  move  about.  The  name  is  from 
the  Greek  cvrruSj  a  curl  of  hair,  and  from  the  Latin  pes^ 
a  foot. 

The  Rotif era,  formerly  placed  •  as  the  lowest  group  of 
the  Crustacea,  are  now  by  most  authors  classed  with 
Vermes,  where  we  briefly  notice  these  minute  forms. 
16* 


'^^^^^ 
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SECTION  IV. 

*  THE  CLASS  OF  VERMES  OR  ANNULATA  OR  WORMS. 

Sub-section  I. 
The  Worms  Considered  as  a  Class. 

Naturalists  are  not  fully  agreed  as  to  the  limits  of  the 

Class  of  Worms.* 

It  may  be  stated,  however,  that  Worms  are  the  lowest 

of  all  the  Articulates — that  is,  the  simplest  expression  of 
the  Articulate  plan.  It  may  be  stated,  in  general  terms, 
that  they  are  much  elongated,  and  similar  in  form  through- 
out their  whole  extent.  The  head  segments  in  many 
cases,  however,  are  quite  different  from  the  others,  and 
more  or  less  highly  specialized. 

As  already  implied,  there  is  no  division  of  the  body 
into  regions,  as  we  have  seen  in  Insects  and  in  Crustaceans ; 
and  none  of  the  Worms  have  jointed  legs,  as  in  those 
classes.    In  many  cases,  however,  they  have  tubercles, 

*  Professor  Edward  8.  Morse  (  On  the  Systematic  JhsitUm  of  t?ie  Brachiopoda\ 
after  a  long  series  of  investigations^  has  come  to  the  conclusion  *'that  in 
every  point  of  their  structure  tlie  Brachiopoda  are  true  worms,  with  possi- 
bly some  affinities  to  the  Crustacea,  and  that  they  have  do  relations  to  the 
Mollusca,  save  what  many  other  worms  may  possess  in  common  with 
them."  Professor  Morse  is  supported  in  this  view  by  many  of  the  ablest 
investigators  of  the  present  day. 

But  as  the  subject  is  still  under  discussion,  we  have  decided  that  it  will 
be  better,  for  our  present  purposes,  to  describe  the  Bracliiopoda  in  their 
old  place  under  the  MoUusca  (see  p.  433). 

Every  student,  however,  should  read  the  Paper  cited  above,  where  he 
will  find,  clearly  presented,  the  reasons  why  Professor  Morse  regards  the 
Brachiopods  as  true  Vermes. 
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TnunverM  Motion  of  ■  Wgrin. 

»,  8kin  or  body  wall ;  ne,  donble  nerrons  eord  ot  Dervons  giogUom ;  oc,  tlinieat- 

«itb  bristles  ol  tuiri;  nc',  supplemeutoiy  uenoiu  oord  1 1',  >iipj>lemantmr7  oircolatorj 

bristles  (Fig.  505),  or  plates  -whicli  serve  as  locomotive 
organs.  Those  provided  with  bristles  or  sctEe,  are  called 
Chffitopods,  from  tlie  Gr.  chaite,  liair,  &nd  ^xms,  a  foot. 

Their  digestive  system  is  very  simple.  Their  circula- 
tory system  is  but  little  more  than  a  dorsal  vessel  or  eo- 
called  heart.  Tlieir  blood  in  many  cases  is  red.  They 
respire  by  means  of  branchire,  or  by  the  whole  surface  of 
the  body.  Tlieir  nervous  system,  even  when  present,  is 
nearly  equally  distributed  among  the  different  segments. 

The  Annelida  have  the  sense  of  touch  higlily  developed, 
and  many  are  provided  with  tactile  organs.  As  to  sight, 
in  many  {Serpula,  Lumbriotta,  etc.)  eyes  are  wholly  want- 
ing ;  in  others  there  are  two  or  more  very  distinct  eyes. 
Organs  of  hearing  have  been  detected  in  some  ;  and  it  is 
believed  that  many  can  perceive  sounds. 

Worms  multiply  by  means  of  e^;8  ;  and  some  kinds  also 
increase  by  gemmation  or  fission — that  is  by  selMivision 
{Fig.  506).  A  few  are  viviparous.  In  most  kinds  the  sexes 
are  distinct ;  but  in  some  kinds  (Earthworms,  Leeches, 
etc.)  the  two  sexes  are  united  in  the  same  individual. 

Worms  live  in  the  water,  in  mnd,  in  damp  earth,  and 
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in  tlie  bodies  of  other  animale.     They  vary  greatly  in 

pio.  SOT.  form,  size,  Btructure,  and  habits — so  greatly  that 

/-~\  naturalists  have  classified  these  low  articulates 

|[||Jj|iii|j|||  in  varions  ways.     And  it  way  be  added  here 

'^r™^^  that  in   most   cases  the   very  young  worm   is 

N^/^  quite  different  from  the  parent. 
Yonng  For  our  present  purposes  we  recognize  the 

Worm.  Class  of  Worms  or  Termes  or  Annulataasdivis- 

Terebeiii.  jy^  .^j.^  ^^^  Sub-classes : ^ 

■■   iV^ANJJELIDA,  including  the  more  typical  forms,  together  with 
^  '■-{  Qephyrea  j   ae  Errantltt  or  DonribnAchlata  (Lob-wonna,  etc)  s 
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Tabicola  (Serpula,  etc.) ;  Terricola  (Earth-wDmni)  ;  and  Suc- 
toria  (Leeches).  .-  -"' 

IL  HBLMINTHA  OR  ENTOZOAJMr^COLECIDA,  including,  to- 
gether  with  Turbellan^  worms  which  have  their  abode 
daring  a  portionr^^f^all  of  their  lives,  in  the  bodies  of  other 
animals  ;  aer'l'rematoda  (Flukes) ;  Cestoidea  (Tape- worms) ; 
Acan^lM^cephala  (Spine-headed  worms) ;  Nematoidea  (Thread- 
is),  etc. 

lese  Sub-classes,*  and  the  divisions  of  them,  which  may 
fe  provisionally  treated  as  Orders,  are  here  presented  in 


*  Huxley   {Introditction   to   the    Clas^fication  of  Animals)  classifies  the 
Vermiform  articulates  essentially  in  this  way : — 

Errantia. 
Tubicola. 
Terricola, 
Gephyrca.  / 


Annelida.  ' 


Chaetophora. 


Scolecida. 


Discophora.        |  Suctoi 

'  Trematoda. 

TsBDlada. 

Turbellaria. 
'  Acanthocephala.^ 

Nematoidea. 
.  RoUfera. 


Rollestone  (Forms  of  Aiiimal  Life)  regards  the  Vermes  as  a  Sub-kingdom, 
and  divides  the  group  e/Bentially  thus  :— 


Annulata.  ' 


'Poly- 
Sub-Class  Chaetophora.    \     ^^®**- 

^  I  Ollgo- 

.    chsta. 
Sub-class  Discophora. 


/ 


Annnloida. 


Claa^l.  Annulata  proper.  - 

/ 

/ 

^  Class  2.  Gephyrea. 
Class  8.  Nematelmlnthes. 

Class  4.  Rotlfera. 

[Order  Turbellaria. 
Class  5.  Platyelralnthes.         ]      "      Trematodes. 

I.     **     Cestodes. 


Order  Chaetognatha  (Sngltta). 
**      Nematoidea. 
**     Acanthocepbala. 
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one  view,  together  with  the  names  of  the  groups  of  which 
these  are  regarded  as  the  equivalents : — 

ANNELIDA. 

1.  DORSIBRANCHIATA.  or  Errantia  or  free' 

Sea- worms  with  short  branchial  append- 
ages along  the  back  or  body  ;  as  the  Lol)- 
worms,  etc. 

2.  TuBICOLA  or  Sea- worms   which  live  in 

tabes  ;  as  the  Serpalas,  etc. 

3.  TerRICOLA  or     Oligochietae    or  worms 

destitute  of  branchial  appendages;  as 
Earth-worms. 

4.  GepHYRBA  or  Smooth-bodied  cylindrical  ) 

worms,  formerly   classed  with  the  Ba-  >•  SiPUNCULOIDA. 
diates ;  as  Sipanculoids.  ) 

5.  SuCTORIAor  Bdellodea  or  Leeches  ;  with  )  DlSCOPHOR\ 

sacking  disks  at  the  extremities.  ) 

6.  CH-3ST0GNATHA  or  free-swimming  oceanic  worms  ;  as  Sagitta. 

7.  GymNOCOPA,  also  free-swimming  oceanic  worms ;  as  Tomop- 

teris, 

HELMINTHA. 

8.  TremATODA  or  Flukes  ;    with  a  single ' 

opening  leading  to  a  branching  digest- 
ive system. 

9.  CeSTOIDEA  or  Tape-worms,  etc. ;  with  a 

tape-like  form  ;  anterior  end  provided 
with  suckers,  or  hooks,  or  foliaceous  ap- 
pendages, or  with  all  these  ;  and  with  no 
alimentary  canal. 

10.  TURBELLARIA    or    Turbellarians ;    with 

bodies  covered  with  cilia,  and  unpro- 
vided with  suckers.  Not  parasites. 
Planaria  and  Nemertes  are  examples. 

11.  ACANTHOCBPHALA      or      Spine-headed 

worms ;  with  no  division  into  rings  or 
segments ;  no  alimentary  canal ;  and 
with  proboscis  armed  with  spines,  as 
Echinorhynchus. 


^  Annuloida. 


DORSIBRANCHIATA. 
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12.  NeMATOIDEA  or  Thread- worms ;  with  a 

thread-like  form ;  no  segments  ;  dense 
covering ;  straight  alimentary  canal ;  as 
Hair-worms,  etc. 

13.  KOTIFERA,  minute  forms  with  wheel-like 

appendages  around  the  head.  Referred 
to  the  Crustacea  bj  some  naturalists. 


^Annijloida. 


Sub-section  II. 
The  Order  of  Dorsibranchiata  or/Lob-worms,  etc. 

The  worms  of  this  group  belong  to  the  sea.  Somo 
species  swim  freely  about,  and  othe^rs  live  in  the  sand  ox 
mud.  They  get  their  name  from  iilie  fact  that,  in  general 
they  have  the  gills  in  the  form  oi  short  branchial  append- 
ages along  the  back  or  body  (Figs.  508-9),  from  the  Latin 
dorsum^  the  back,  and  hragchia^  gills*  They  are  known 
under  the  names  of  Sea-Centipedes  or  NereidsB  (Fig.  508) ; 
Eunicidse — a  West  Indian/species  of  wliich  {Eunice  gi- 
gantea)  attains  the  lengt^t'  of  four  feet ;  *'  Se^  Mice  "  or 
AphroditidsB,  which  are/more  or  less  covered  with  silky 
hairs  of  a  brilliant  met^lic  luster;  and  the  Lob- worms  or 
Arenicolidae,  etc.  Here  also  may  be  mentioned  a  re- 
markable genus  called  Cirratulua  a  new  species  of  whicli 

Fig.  508. 


SearC«ntipede,  Nereis, 
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irobotdB;    b,  phiryni;   i 


a,  doml  THMl, 


DORSIBKANCHIATA.  oil 

(Fig.  510)  has  recently  been  described  and  figured  by 
Professor  Verrill* 

Fis.  MO. 


SUrlua  Worm,  CTrradJuJ  graadit,  VerriU. 


/  Cirraltdta  Is  grouped  with  the  DorBibranchlata  of  Blebold.  Bat  Pro- 
/eetor  Verrill  writes  me  t1iB,t  he  does  not  rect^lze  DorBibroncliiats  aa  a  nat- 
/nnil  groap,  but  merelj  an  artificial  one. 

"TheloDK,  slender  organE  <ni  tJieHdei  of  the  body  of  (^rrattilia  are  the  dor- 
sal cirri,  and  are  not  bomologooB  with  the  bumchlaa  of  Arenkola,  etc.,  thooKh 
Itae;  tBtty,  and  doubUeae  do  act  to  some  extent  as  branchls.  But  they  are 
more  partlculorlj  devoteil  to  Benaatlon  and  locoraolion.  Some  of  the  moX 
anterir/r  ona,  however,  are  dlflerent  In  structure  from  the  rcBt,  though  similar 
hi  form,  and  are  regarded  as  true  bra nchite."— Verrill, 
Professor  Verrill  writes  me  that  he  recognizes  two  Classes  of  Worms  :— 
I.  ANHBLit>A,  including  Fix  orders,  viz.  ;  1.  Chfetopoda.  3.  Ollgochsta,  3. 
Gepbvrea,!  Bdellodoa,S.  Qymnocopa,  6.Ch«tognathaiand  11.  Scolbcidi, 
including  six  orders,  vie:  I,  Nematoldea,  2.  Turbellaria,  3.  Tremstoda,  i. 
Acanthocepbala,  S.  Ck»toda,  6.  BoUfera. 
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-fj  Sub-section  III. 

y      -^      The  Order  of  Tubicola  or  Serpulas,  etc. 

5^-  "•■  The  worms  of  this  group  are  also  con- 

fined to  the  sea,  and  live  in  calcareous  or 
I  membranous  tubes  which  tliey  exude  or 
Beerete   from    their  own  bodies.     Their 
branchial      appendages     are      situated 
around  the  head,  in  a  Jiower-like  cluster, 
surpasa- 
ingly 
beauti- 
ful both 
in  struc- 

MmrineWona,  Strpult.  tureaud 

color.  Their  tubes  are 
common  on  shells,  stones, 
and  other  bodies  in  the 
sea,  and  are  generally 
more  or  less  bent,  curved 
or  contorted  ;  and  always 
closed  at  the  small  end 
and  open  at  the  other. 
These  tnbes  are  frequents 
1  y  found  penetrating 
corals  and  other  marine  ' 
bodies.  The  Serpulidss 
are  prominent  represen- 
tatives of  this  order.  Ampkitnieomata  Vs 

The  Terebellidse  form 
tlieir  tnbes  by  a  glutinous  secretion  and  by  pieces  of  sliell 
and  grains  of  sand  which  are  held  together  by  this  secre- 
tion.    TerebeUa,  AinphUrite,  etc.,  belong  here. 

,1.,     .-.•'-- 


^r) 


.y 


^  j 


TERBICOLA  AND  GEPHTREA. 


i4  / 


Sub-section  IV. 

The  Order  op  Tbrricola  or  EARTH-woRMa 

The  Earth-worms  or  LnrabricidaB  are  so  well  known 
Q^^  that  we  must  give  them  only  a  passing  notice,  althougli 
they  are  very  interesting  in  their  structure,  and  exceed- 
ingly interesting  in  their  habits. 

The  Earth-worms  have  no  visible  external  organs  of 
*\  "^    respiration,  but  apparently  respire  by  the  whole  surface 
^  of  their  body.     They  eat  dirt  and  thus  secure  the  organic 

matter  which  it  contains. 

Fio.  618. 


Earth-worm — Lumbricut  ierrestris,  Linnastu, 


And,  contrary  to  the  popular  notions,  these  animals,  by 
J  their  burrowing  and  working  over  of  the  soil  confer  great 
benefits  upon  the  farmer  and  gardener. 


Sub-section  V. 

The  Order  op  Gephyrea. 

'  The  name  of  this  group  is  from  the  Gr.  gefphwra^  a 
bridge,  and  is  given  to  certain  marine  worm-like  forms 
which  are  regarded  as  a  sort  of  connecting  link  or  bridge 
between  the  Holothurians  (Fig.  670.)  and  the  Yermes. 


articdlata:  WOKXS. 


Tlie  Gephyrea  are  cylindrical  in  outline,  and  covered 
mainly  hy  a  soft  integument ;  though  chitinous  matter  is 


secreted  in  some  cases.  Tbe  Sipnnculoids  and  the  like 
formerly  classed  with  the  Holothurioid8,are  representatives 
of  this  group. 

s0b-section  vi. 

The  Order  op  Discophora  or  Suctoria  or  Leeches. 

The  Leeches  are  provided  with  a  sucking  disk  at  each 
extremity.  The  name  Discophora  is  from  the  Gr.  diskos, 
a  disk,  aadiphero,  to  bear. 

They  perform  locomotion  either  by  means  of  these 
disks,  or  by  swimming.  They  are  found  in  both  fresh 
and   salt  water,   and   are   popularly    known    as    Blood- 


suckers.    A  species  found  in  Ceylon  is  wholly  terrestrial ! 
The  mouth  of  the  Leech  is  situated  in  the  anterior 


eucker  or  disk,  and  ha*  around  it  three  jaws  in  the  posi- 
tion of  radii,  and  each  of  the  jaws  iB  armed  -with  two 
rowB  of  minute  teeth,  and  the  jaws  are  so  worked  by 
miiBcles  that  a  sort  of  sawing  movement  is  given  to  each 
jaw  separately. 


SuB-SECnON  VII. 

The  Order  op  Teematoda  or  Fldkes. 

The  worms  of  this  group  are  more  or  less  elliptical 
or  oral,  and  flattened  ;  and  are  parasitic  in  their  habitn, 
being  found  in  the  liver  of  sheep,  and  of  man,  and  of 
other  animals.    The  name  is  from  the  Greek  trema,  a 


Lerer  Flak*.  Fatdola  iepalita,  Linn. 
;  t,  inokSF;  g,  geniUl  orlOcsB;  i,  Inteatliul  tabu. 


hole ;  the  Trematods  have  a  branching  digestive  sys- 
tem, to  which  there  is  only  one  opening — the  mouth. 
They  generally  have  one  or  more  sucking  disks,  by 
means  of  which  they  adhere  to  other  animals. 
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Sub-section  VIII. 
The  Ordeb  of  Cestoidea,  or  Tape-worms, 

The  name  Cestoidea  comes  from  the  Greek  kestoSy  a 
girdle.  The  Cestoids  are  fl^,  tape-like  worms,  and 
narrow  towards  the  head,  but  /Widening  behind;  in  their 
mature  state  they  live  only  in'  the  intestines  of  vertebrate 
animals.  They  vary  from/a  few  inches  to  many  feet  in 
length.  The  largest  attain,  in  some  cases,  the  length  of 
one  hundred  feet.  The  width  is  nearly  an  inch  in 
some  of  the  widest. 

The  eggs  of  a  cestoid  never  hatch  in  the  same  intestine 
in  which  tlie  cestoid  lives,  but  only  after  they  have  been 
taken  into  the  stomach  of  another  and  suitable  animal. 
Thence  the  embryos  pierce  their  way  into  the  blood- 
vessels, and  are  carried  by  the  circulation  of  the  blood, 
into  various  parts  of  the  body,  where  they  develop  into 
larvee  called  hydatids. 

The  so-called  "  measly  pork "  is  pork  containing  these 
hydatids;  that  is,  measly  hogs  are  such  as  have  their 
flesh  more  or  less  filled  with  the  larvsB  of  cestoids  or  tape- 
worms. And  if  the  flesh  of  such  hogs  be  eaten  before 
cooking,  which  kills  the  hydatids,  the  man  or  animal 
eating  it  takes  these  hydatids  into  his  intestines,  where 
they  develop  into  tape-worms. 

And  so  in  regard  to  all  animals  which  have  tape- 
worms ;  they  get  them  by  eating  other  animals  in  whose 
tissues  there  exist  hydatids.  And  the  way  in  which 
those  animals  afflicted  with  the  hydatids  get  the  latter,  is 
by  swallowing  some  of  the  infinitesimal  eggs  of  the  tape- 
worm. 


Tiie  mature  Tape-worm  consists  of 
head,  neck,  and  joints.  The  yoiulg 
tape-worm  or  Hydatid  or  Scolex  or 
Cjsticercua  (from  the  Gr.  kustis,  a 
bladder,  and  kerkos,  a  tail)  or  "  blad- 


A  I*rv«l  Tspo-wona  or  Hyda- 
tid (01i«™.)_fl.8  Um« 
the  DAtQnl  BlEfl. 

a,  olccleof  tioob1ets;fe,  auct 
Ing  dliki;  c,  neck;  d,  vater- 
blKlder.     (Hvna     WelDliwtl'a 


der-tail,"  has  only  a 
head,  a  neck,  and 
a  "  water-bladder." 
The  neck  is  constant- 
ly growing  from  the 
head,  and  the  trans- 
verse wrinkles  of 
the  neck  become  the 
joints  or  "proglot- 
tides" of  the  body, 

L  Bnnuo  Ttpe-oanu,  Tania  ntiiiH,  Linnsui— nBtnnl  liie,    OdIj  ctauKMrtiUo 

H.  b.mA;  a,  Bnth  Jolatj  b,  U8tb  Joint;  c,  HSlb  JolDl;  d,  SBOIh  Joluti  e,  lesth  }oiuli 
f.  849th  Joint!  g.  8«Stb  Joint. 
^.   Ibture  Joint  of  tho  suoa,  ahoirlng  tbfl  OTBry,  and  orarlui  opening  (0). 
Ihi*  worm  msaaurad  10S4  test.    (From  WEloUsd'a  '■  Humaa  CestoldH.") 
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The  sexes  are  combined  in  each  proglottis  or  joint.  From 
time  to  time  the  hindmost  joints  become  detached,  and 
in  this  way  the  length  of  the  tape-worm  is  limited,  not- 
withstanding the  constant  growth  of  joints  from  the  head 
and  neck. 

Tape-worms  have  no  mouth  nov  alimentary  canal.  Their 
nourishment  is  absorbed  through  the  walls  of  the  body. 

Sub-section  IX. 

The  Order  of  Turbellahia. 

The  Turbellarians  differ  from  all  the  other  groups 
placed  under  the  Sub-class  of  Helmintha  in  the  faot 
that  they  are  not  parasites. 

Fig.  619.* 


Planarian  Worm,  Planocera  nebtdota^  Girard. 

Most  of  the  Turbellarians  inhabit  fresh  water;  some 
kinds  are  found  in  the  sea;  and  a  few  on  the  land. 
They  are  elongated  and  flat  worms,  and  are  covered  with 
cilia,  and  are  destitute  of  suckers.  Planaria  and  Werner- 
tes  are  examples. 


♦Figs.  510,  513,  514,  516,  519,  520,  654,  and  655,  are  from  the  works  of 
Professor  A.  E.  VerrllL 
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Sub-Section  X. 

The  Order  of  Acakthogephala  or  spine-headed  wormsl 

The  worms  included  in  this  group  are  internal  parasites 
which  are  without  perceptible   segments,  and  with  no 


Era.  620. 


Spine-headed  Worm,  Jkhinarhyncut  ffigat^  G€ze. 

alimentary  canal,  and  which  adhere  to  the  intestines  in 
which  they  live  by  means  of  a  proboscis  armed  with 
spines.  One  species  {Echinorhynous  gigas)^  found  in 
the  hog,  is  eighteen  inches  long. 


Sub-section  XT. 
The  Order  of  NTematoidea  or  Thread-like  Worms. 

The  name  Nematoidea  comes  from  nema^  a  thread, 
and  eidoSj  appearance,  and  is  given  to  the  worms  of  this 
order  because,  in  general,  they  are  long,  slender,  and  more 
or  less  thread-like. 

Their  covering  or  integument  is  dense,  and  does  not 
exhibit  segments. 

This  group  is  about  the  same  as  that  named  Coelel- 
mintha  by  authors. 

The  Nematoids  are  parasitic  in  various  animals.  Some 
kinds,  as  the  Eound-worms  {Aaca/ria)  and  Thread-worms 
{Oxyuria)  inhabit  the  human  intestines;  Strongylua  lives 
in  the  kidneys  of  the  pig.  Fila/ria  burrows  in  the 
flesh  of  man  in  warm  climates,  and  attains  the  length  of 

17 
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six  feet.  Trichina,  about  one  thirtieth  of  an  inch  in 
length,  inhabits  the  flesh  of  man  and  of  the  hog  and 
other  animals.  The  Hair-worm  {Oordiua),  lives  in  the 
bodies  of  insecta  while  in  the  larya  state,  and  in  water  in 
the  adult  state.  / 


■    m:' 


\ 


\i 


nd  oneyiled  TflchlnsB,  TWe^ina  ipiralii,  Owpq. 
ihiaK  encfflted  Id  muacle:  b,  female  uid  youDg. 


Sub-section  XII. 

Thr  Okdeb  op  Botifbea  oe  "  Wheel- ANiMALcnLBs." 

The  Rotifers,  as  already  indicated  on  page  369,  are 
forms  which  by  some  authors  are  classified  witji  Crusta- 
ceans, and  by  others  with  Vermes. 


BotUBr.  Raii/rr  imigarii. 
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They  are  aquatic  apimals,  minute  in  size,  mainlj 
microscopic,  varying  from  only  one  sixteenth  of  a  line 
to  a  line  in  length.  They  are  radiate  in  general  appear- 
ance,  although  not  radiate  in  their  interior  structure. 
Tlieir  organs  of  locomotion  are  delicate  appendages  or 
cilia  arranged  around  the  summit  or  head. 

Principal  Topics  Considebbd  in  Chaptbr  in.,  Sbctiok  I. 

The  ArUcnlsts  u  >  Bntich. Their  eitcnull  sppeuanca,  lurdputa.  Umba.  bllat- 

enl  lymniBlrj,  etc AllmeDttry  c»ii«l. Dorwl  tbwbI    or  heut. Nbtvom 

■yitem. ClWawUou  ar  tha  ArUcaliU. 

Section  IT. 
Btm-aKCTiOK  I. 


snB-H&CTiON  II. 

The  loeecta  proper. Parte  or  iho  bady.  t^,  and  wlni^e, Real  n 

the  vfngB. Orlpo'ltor. DIfieitlve  cyilem, drculatory  pyatem. 

tocy  arBlem. Hervon*  (jMem. — Sljrtit. Hegrlng. Tranf/bmntloni 

■ect( IdTva,  Pup*,  and  InuEO. Cocoon. Partial  tnnafDrmMIOD. 
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1.  The  Hymenoptera,  their  wings,  jaws,  etc.— S.  Tho  Lepidoptera,  their  wings, 

month-parts,  tongne,  larvie,  etc.— Butterflies. Moths. 3.  The  Diptera,  their 

wings,  mouth-parts,  larvte,  etc.       4.  The  Coleoptera,  their  wings,  jaws,  etc. 5. 

The  Hemiptera,  their  wings,  month-parts,  etc. 6.  The  Orthoptera,  their  wings, 

transformations,  etc. 7.  The  Nearoptera,  their  wings,  jaws,  larva  and  papa 

state,  etc. 


SUB-SECTION  III. 

The  Arachnida—general  stmctnre. Eyes. — >^lieg0. Changes  in  coming  to 

maturity. Classification. 1.  Araneina  or  Spiders  proper— their  form,  stmctnre, 

habits,  principal   kinds. 2,   Pedipalpi   or    Scorpions.— False-scorpions. 3. 

Acarina  or  Mites,  Ticks,  etc. 


SUB-SECTION  IV. 
Myriapoda^their  form,  general  stragtnre. 1.  Chilopoda. **  Earwigs,^*  Centi- 
pedes, etc. 2.  Chilognatha. "Thousand-legs,*' etc. 


Bbction  III. 

SUB-SECTION  I. 

The  Crustacea  as  a  Class.^^ — Shell,  Segments,  Appendages,  etc Classification 

of  the  Crustacea. 

SUB-SECTION  II. 

The  Decapoda  as  an  0rder. ^Brachynra. Anomonra. MacroanL-^-Stomar 

poda,  etc. 


SUB-SECTION    III. 
The  Tetradecapoda  as  an  order. ^Isopoda. Amphipoda. ^Lasmodfpoda. 


SUB-SECTION  IV. 

The  Entomostraca  as  an  order. Herostomata. TrikAwta. Phyllopoda.- 

Cladocera. Copepoda. Ostracoda. Cirripedia. 


Section  IV. 

SUB-SECTION  I. 

The  Worms  as  a  Class. ^Their  form  and  general  stmctnre. Classification  of 

Worms. 

Sub-sections  ii.,  ill.,  Iv.,  v.,  tI.,  viL,  vtti.,  ix.,  x.,  xi.,  and  xii.,  treat,  respectively, 
of  the  Dorsibranchiata,  the  Tubicola,  Terricola,  Gephyrea,  Snctoria,  Trematoda, 
Qestoidea,  Turbellaria,  Acanthocephala,  Kematoidea,  and  Botifera. 
/ 
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CHAPTER  IV. 

THE  MOLLUSOA  OR  MOIjLUSKS. 

SECTION  I. 

THE  MOLLUSCA  CONSIDERED  AB  A  BRANCH. 

The  Mollneca  have  a  soft  body  which  is  enveloped  by  a 
muscular  skin  called  a  mantle,  and  in  most  cases  protected 
by  a  shell ;  and  they  are  not  jointed  nor  radiated  in  their 
internal  structure, 

The  name  Mollusca  is  derived  from  the  Latin  TnolUs, 
soft. 

The  shells  are  the  parts  of  these  animals  which  we 
oftenest  see ;  for  when  the  animal  is  dead  the  soft  parts 

Fis.  SfU. 


A  living  HoUiuk— «ipMided. 

soon  disappear,  and  only  the  sliell  remains.    Ctirions  and 
wonderful  as  the  shells  are,  they  often  give  only  the 
Tia.  BJ.  faintest  idea  of   the  appearance  of 

the  animals  when  alive. 

The  shell  is  a  part  of  the  animal, 

and  not  a  mere  house  which  it  enters 

and  leaves  at  pleasure ;  altliough  the 

so-called     animal     readily    expands 

Hoiiu.kde.d-<.r«ontr«t«d.  ^^^^j^    iy^yonA    the    limits   of    this 
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shell,  and  withdraws  itself  wholly  within  the  same  again, 
at  will.  '^  y\ 

The  kinds  of  Mollasks  are  very  minierous,  not  less  tlian  fifteen 
thousand.  They  abound  in  the  sea,  on  the  marshes,  in  pools,  streams, 
ponds,  and  lakes,  and  on  the  land ;  and  they  are  full  of  interest  when 
we  study  them,  and  all  serve  important  purposes.  They  are  the  food 
of  many  other  animals.  The  Hight  Whale  feeds  upon  small  kinds 
which  swim  freely  in  the  open  sea ;  the  Cod  and  Haddock  and  many 
other  useful  fishes  fatten  upon  those  gathered  near  or  on  the  bottom ; 
and  Sea-birds  feast  upon  those  left  bare  by  the  tide.  Man  reckons 
the  Oyster,  Clam,  and  Scallop  among  his  choicest  dishes ;  and  in 
seasons  of  scarcity  the  poor  inhabitants  on  many  a  sea-coast  depend 
upon  Mollusks  for  a  large  part  of  their  daily  food.  These  animals  also 
furnish  the  bait  for  all  the  extensive  fisheries  of  the  North  Atlantic. 
Some  kinds  yield  rich  dyes.  The  celebrated  Tyrian  purple  of  the 
ancients  was  obtained  from  shell -fish,  as  already  stated. 

The  shells  of  Mollusks  are  limestone  or  carbonate  of  lime.  Pearly 
within,  and  even  without  when  polished,  and  of  soft  and  delicate 
fX)lors,  they  are  often  exceedingly  beautiful,  and  are  eagerly  sought 
for.  The  child  gathers  them  for  toys,  and  thinks  he  hears  the  roaring 
of  the  sea  as  he  <  puts  them  to  his  ear.  The  savage  wears  them  as 
ornaments,  and  some  of  them  as  marks  of  chieftainship.  Some 
kinds  are  gathered  by  civilized  nations  and  used  instead  of  money  in 
trading  with  barbarous  tribes.  Other  kinds  are  gathered  and  wrought 
into  almost  numberless  articles  of  use  and  luxury.  And  the  true 
naturalist,  more  enthusiastic  than  all  others,  traverses  sea  and  land, 
and  cheerfully  endures  hunger,  thirst,  and  fatigue  that  his  collection 
of  shells  may  lack  neither  "Argonaut"  nor  "Nautilus,"  "Cone," 
"Cowry,"  nor  "  Wentle-trap,"  "Helix"  nor  "  Limnaeid,"  "Pecten," 
'*Mother-of -Pearl,"  nor  "Unio,"  nor  any  other  which  will  enable 
him  to  understand  more  clearly  this  department  of  the  animal  king- 
dom, and  the  works  of  God  as  revealed  in  these  wonderful  objects. 

In  general,  the  shells  of  Mollnsks  are  composed  of 
carbonate  of  lime,  and  the  texture  varies  with  the  kinds, 
as  shown  when  exceedingly  thin  sections  are  examined 
with  the  microscope  (Figs.  526-8). 

The  Mollusca  are  well  provided  with  organs  by  which 
food  is  secured  and  digested.    Their  blood  is  colorless,  or 
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not  red.  Their  eircnlatory  BjBtem  couBists  of  a  heart, 
arteries  and  reine,  and  venonB  sinn&ee.  Their  respiratory 
organs  are  gills,  or  lung-like  cavities.  Their  muscular 
system  is  well  developed.    Their  nervous  system  is  mainly 


in  the  form  of  ft  ring  which  surrounds  the  oesophagus 
or  throat,  from  which  nervous  filaments  radiate  and  con- 
nect with  other  nervous  ganglia  in  other  parts  of  the  body. 
As  to  reproduction,  most  kinds  of  mollusks  increase 
by  means  of  eggs.  Some  kinds,  as  the  Eiver-Snails 
(Paludina),  etc.,  are  called-  viviparons,  because  they  re- 
*  tain  the  eggs  in  the  oviduct  till  after  they  are  hatched, 
and  the  young  have  attained  a  considerable  size.  Some 
kinds  of  tunicate  mollusks  increase  by  budding. 


/ 
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In  the  highest  mollusks,  the  sexes  are  distinct;  but 
united  in  Land-Snails,  and  in  some  kinds  of  bivalves,  etc. 

According  to  the  most  generally  received  classification, 
the  Mollusca  include  six  Classes : 

L  CEPHALOPODA  or  cephalopods ;  with  distinctly' 
marked  head>  which  is  famished  with  fleshy 
appendages  or  arms ;  two  prominent  eyes  ;  two 
stout  horny  jaws  ;    and  the  body  naked,  or 
protected  by  a  sheU. 

II.  GASTEROPODA  or  Gasteropods ;  with  a  mo 

or  less  weU  defined  head ;  and  with  the  lower 
portion  of  their  body  formed  for  a  locomotive 
organ ;  and  in  most  cases  with  a  univalve 
shell.  J 

III.  ACEPHALA  or  Conchifera  or  Bivalves ;  with 
apparently  no  head,  and  with  a  shell  com- 
posed of  Jbwo  pieces  or  valves. 

IV.  TUNIC  AT  A  or  Ascidians ;  with  a  soft  elastic^ 
covering  instead  of  a  shell. 

V.  BRACHIOPODA  or  Arm-footed  animals ;  with 
two  ciliated  arms  ;  a  shell  of  two  valves,  a 
dorsal  and  a  ventral,  and  the  two  valves  of 
unequal  sise,  but  equal  sided.* 

VI.  POLYZOA  or  Bryoaoa  or  moss-like  Mollusks, 
growing  in  clusters. 


*  See  foot)  note  In  regard  to  BrachiopodSi  on  p.  370. 

17* 


SECTION  JI. 
THE  CLASS  OP  CEPHALOPODA  OH  CBPHALOPODa 

Sub-section  I. 

The  Cephalopods  Considered  as  a  Class. 

The  Arponauta  or  Paper-aailore,  Cuttle-fishes,  Squids, 
and  other  Ce|rfialopodB,  have  a  mouth  armed  with  a  stout 
beak,  resembling  that  of  a  parrot,  a  large  eye  on  each 
side  of  the  head,  and,  surrounding  the  mouth,  long,  mus- 
cular arms,  or  teutaclee,  covered  with  cup-like  Buckers, 
by  means  of  which  they  cling  witii  tlie  greatest  firmness 
to  whatever  they  lay  hold  of. 


The   Cephalopods  are  marine,  and   many  kinds   have 
I'itliin  the  body  a  Bac  containing  an  ink-like  fiuid  with 
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which  they  cloud  the  water,  and  thuB  conceal  themeelves 
whenever  they  wish  to  escape  from  an  enemy. 

The  word  Cephalopod  comes  from  the  Greek  k^ftaie, 
head,  and  pons  a  foot,  and  ib  given  to  these  Mothisks 
becatiBe  their  locomotive  organs  are  attached  to  tlie  head, 
as  juat  described.  These  animals  have  a  most  wonderful 
power  of  changing  their  colors — the  hues  of  some  kinds 
varying  almost  every  moment.  They  swim  by  ejecting 
water  from  their  "funnel,"  and  by  means  ol' their  arms,  and 
they  crawl  on  the  bottom  with  the  head  downwards.  They 
are   very  voracious,  eagerly  devoui"ing  lishes  and   other 

Fla.  S3t. 
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animals  readily,  tearing  their  flesh  in  pieces  with  their 
stout  hooked  beaks. 

Some  kinds  of  Cephalppods  attain  an  enonnous  size.  Aristotle 
gives  an  account  of  one  which  was  five  fathoms  in  length !  In  1853 
a  cuttle-fish  whose  tentacles  were  five  or  six  inches  in  diameter  was 
cast  upon  the  shores  of  Jutland.  In  1861  the  officers  and  crew  of  the 
French  steamer  Aleeton  saw  one,  northeast  of  Teneriffe,  which  was 
estimated  to  be  fifteen  feet  in  length,  with  arms  five  or  sis  feet  long ! 

But  the  most  gigantic  species  of  Cephalopods  ever  seen 
have  been  obtained  during  the  past  few  years  in  the 
North  Atlantic,  near  Newfoundland,  *  some  of  which 
have  the  body  from  10  to  19  feet  long,  and  about  2  feet 
in  diameter,  and  the  "arms"  more  than  30  feet  in 
length — the  total  length  of  the  Cephalopod,  in  some 
cases  being  40  or  50  feet !  These  gigantic  moUusks  have 
the  general  form  of  the  Squids  {LoligOy  Figs.  536  and 
537).  ^ 

There  are  two  Orders  of  the  Cephalopoda : — 

1.  DiBRANCHIATA   or  Two-gilled  Cephalopods ;  as  Argonauta, 

LdLigOt  etc. 

2.  TetrabraKCHIATA  or  Four-gilled  Cephalopods ;  as  Nautilus,  \ 
AmmamUs,  etc                                                          \                6  y 


SUB-SECTIOir    II.  >      I  I   ^ 


The  Order  of  Dibranchiata  or  Two-Gtllbd  Cepha- 
lopods. 

This  Order  comprises  cephalopods  which  have  two 
branchise,  an  ink-gland,  and,  with  few  exceptions,  a  ru- 
dimentary internal  shell — the  so-called  "cuttle-bone." 
Kepresentatives  are  found  in  all  latitudes,  and  in  open 
ocean  as  well   as   near  the  shores.      The   Dibranchiata 


*  See  American  Naturalist  on  **  Tfie  Colossai  Oepfiatopodt  t(f  the  North  At- 
lantic,"  by  Professor  A.  E.  Verrill. 
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include    the    Argonaat,   Octopus,   Cuttle-fislies,  Spiruls, 
Squids,  etc. 
The  skin  of  the  naked  cephalopoda  eontaias  varioiiBljr 


ArgOMat  or  Frnper'SUlar,  Argonaula  arga,  Unn 
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Fio.  687. 


*'Pen"  or  ^^GumeAxmt**  ot  LoHgopaOtda,  VerrilL 

PiQ.  688.  / 


Loligo  pallida,  Verrill.    Reduced  to  one- third  natural  size. 

colored  pigment-cells ;  and  these  animals  have  the  power 
of  effecting  such  changes  in  these  cells,  that  the  hues  of 
the  skin  differ  from  one  moment  to  another. 
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Sub-section  III. 

The    Oeder    op    Tbtbabkanchiata    or   Foue-Gilled 
Cephalopoi)8. 

The  Tetrabranchiata  have  four  braacliife,  aiid  an 
external  cliambered  eh  ell,  and  verj  numerous  arms. 
Tlieir  shell  is  an  extremely  elongated  cone,  and  is  straight, 
or  variouely  folded,  or  coiled,  j^  ^a^ 

and  IB  divided  into  cham- 
bers hy  partitions  called  sep-  i 
ta,  the  animal  as  it  grows 
forming  a  wall  beliind  itself 
flt  regalar  intervals,  and  al- 
ways living  in  the  outer 
chamber  —  communicating, 
however,  by  a  tube  or  8i-  ■ 
phuncle  with  all  the  others. 

The  Tetrabranehiates  are 
best  known  under  the  name 
of  Chambered  Shells.  Al- 
though  only  a  very  few  spe- 
cies are  now  living,  more  than  fourteen  hundred  species 
have  been  found  fossil  in  rocks  below  the  Tertiary,  and 
varying  in  size  from  an  inch  to  a  yard  in  diameter. 

In  Xlie  Nantilidie  tlie  siphuncle  is  central,  and  the  septa 
sim^e  (Fig.  540). 

In  the  Ainmonitids  the  siphuncle  is  dorsal,  and  the 
/gepta  are  zig-zag,  or  folded  in  a  very  complicated  n 
-^  (Fig.  641). 
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SECTION"  m. 

THE  CLASS  OF  QASTEROFODA  OB  OASTEBOPODa 


The  OaBteropo^B  are  mollaske  whose  ventral  aide  serves 
them  as  a  sort  of  toot,  by  meaDS  of  which  thej  creep  along. 
The  name  is  from  the  Greek  gfiater,  stomach,  and  poua,  a 
foot  This  Class  comprises  about  three-fourths  of  all  the 
MoUuBca. 

Fie.  M3. 


Inteniil  itnietnra  of  iOut«ropod— Snill. 
o,  montlii  6,6.  tha  foot;  c.  vent;  d.A.  long;  e,  ■tomich  ooTered  by  tha  uUrur 
llluidi;/^,  IntsatlQe;  j.  Uver;  K.  hnri;  f,  mnrtl;  j,  gutria  trier;;  I,  bepatlc  artery: 
Jt,  urterj  of  tbe  foot;  m.m.m,  ibdomlnil  ciTlty  inpplylng  the  place  of  ■  tbdoui  ■Inaii 
n,n.  Irregular  anal  conneotlng  tlie  tbdomlnal  ctvitjr  and  the  lung)  o,g,  reuelctmy- 
log  tbs  blood  trom  tlia  lung  to  the  heart. 

Most  of  the  Gasteropods  have  a  shell ;  and  as  this  is 
made  of  only  one  piece  or  valve,  they  are  oflen  called 
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Univalves,     Some,  however,  have  no  shell  in  the  adult 
state,  though  all  have  a  shell  when  first  hatched. 

Many  kinds  of  gasteropods  have  a  lid  or  door,  called  the 
operculuniy  with  which  they  close  the  opening  to  tlie 
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Suture , 
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Lines  of  Growth  •«»-.•.-- 


Umbilicus...... 


^  Spire.    W,  wborls. 


Colnmella. 
Outer  Up. . 
Aperture. 
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Names  of  the  parts  of  a  Gasteropod  Shell. 
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J^-a^'ietli^^_  _ 
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iMwlMlwIylylo*!  l%»l«»t<«l<ft>»M' 


Llugual  teeth  of  ^cAoftno,  with  central  and  lateral  teeth  enlarged. 

Fio.  645. 
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Saaatt 

Tongue  of  the  Whelk,  BvuGd'wwn  unAaJtwmt  Woodward. 


shell  when  they  withdraw  within.     It  is  a  homy  plate, 
sometimes  strengthened  by  shelly  matter. 
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Teetb  nf  siminau,  V 


One  of  the  moBt  cnrious  parts  of  these  animals  is  the 
tongne,  or  lingual  ribbon,  wlnich  is  a  band  armed  with  u 
great  number  of  glossy  Bilieeous 
teeth,  which  are  arranged  in 
rows  in  the  most  regular  man- 
ner; and  differently  in  the  differ- 
ent kinds  of  gasteropods.  The 
tongue  of  some  kinds  contains 
one  hundred  and  sixty  rows  of 
teeth,  and  one  hundred  and 
eighty  teeth  in  each  row,or  more 
than  twenty-eight  thousand  in 
alll 

Many  of  the  Gasteropoda  feed 
upon  vegetable  substances,  and 
these  generally  have  the  aperture 

of  the  shell  entire.     The  others     porHon  of  Tongne  of  the  whcit, 
Seed  upon  animal  substances,  and      Bueawmuniaium.  M.gniMd. 
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have  the  aperture  notched,  or  drawn  out  into  a  canal,  as 
in  Figs.  551-555.  Some  kinds  feed  upon  dead  animals 
which  they  iind;  others  attack  living  mollusks,  and 
although  tlie  latter  are  shut  tightly  within  their  shells, 
the  hungry  gastcropod,  with  its  rasp-like  tongue,  files  a 
neat  round  hole  through  the  shell,  and  then  leisurely 
feasts  upon  its  contents.     Thns  clams  and  other  large 


r,  mnnle;  Jlr,  bnccklmusi  ; ,  nerrona  guglli;  «,  ullviry  glud ;  a,  amapbtfomf  I, 
llnpnl  mil;  «,  ihtU  miwcte;  »,  bnmchi*;  e.  beiit;  n.  mtt^:  e.  Momuh;  /,  Uver;  *, 
blUu-j  canti;  t,  Inteatlne;  a,  nut;  o,  ovuyi  d,  orlducti  h,  Dldnmuiti  0,  onriui 
ollflOB;  a,  mdeI  orgin;  u,  muconi  g^nd. 

mollusks  fall  a  prey  even  to  some  of  the  very  small  car- 
nivorous gasteropoda. 
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Gasteropods  have  a  heart — with  one  auricle  and  one 
ventricle — and  arteries ;  but  veins  are  wanting  or  incom- 
plete. 

Some  kinds  perform  their  respiration  by  means  of  gills, 
and  are  called  the  Branehifera.  Others  breathe  by 
means  of  lung-like  cavities,  and  are  called  the  Pulmo- 
nifera. 

Their  nervous  system  is  but  little  more  than  a  cephalic 
ganglion  and  a  thoracic  ganglion  united  so  as  to  form  a 
collar  around  the  gullet. 

Their  two  eyes  are  situated  on  long  stalks. 

Their  ears  are  a  pair  of  small  membranous  vesicles. 

The  sense  of  smell  and  the  sense  of  touch  reside  in  the   ' 
tentacles. 

Tlie  Gasteropods  lay  eggs  from  which  the  young  are 
hatched.  As  already  stated,  however,  on  page  392,  the 
River-Snails  {Paludina)  are  viviparous.  The  eggs  of  the 
Land-Snails  are  protected  by  a  flexible  shell  in  some  spe- 
cies, and  by  a  brittle  shell  in  others.  Tlie  eggs  of  the 
Fresh-water  Snails  are  soft  and  transparent.  The  spawn 
of  some  kinds  of  Sea-Snails  is  in  the  form  of  a  band  or 


MI<I»Denti1aF«il«ofs<luteropod— WheUr,  BuoeiintH. 
a,  alnfile  capiuls  ibovliie  the  hole  through  whjoti  tbe  tat  oi  *ii  janng  iHspei  ^ 
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ribbon  more  or  less  coiled  {Natica)  The  Whelks  {Buc- 
cinum)  and  other  carnivorous  gasteropods,  produce  masses 
or  strings  of  tough  capsules,  each  containing  numerous 
young. 

The  Gasteropoda  are  divided  in  different  ways  by  dif- 
ferent writers,  according  to  the  value  which  they  attach 
to  the  different  parts  of  their  structure.*  Five  groups  or 
Orders  are  very  generally  recognized :  ^ 

1.  PfiOSOBRANOHIATA    (including    Pectinibrancliiata,   etc.)  are 

those  witli  pectinated  giUs  which  are  situated  near  the  front  of 
the  body,  as  Strombs,  etc.  The  name  c0mes  from  the  Greek 
pros,  in  front,  and  bragchia,  gills. 

2.  PuLMONIFERA  or  air-breathers  ;  as  Land  Snails,  etc.  The  name 

is  from  the  Latin  pulmo,  a  lung,  And  if ero  to  bear. 

3.  OpiSTHOBRANOHIATA  (including  Tefetibranchiata  and  Nudi- 

I 

/ 

*  One  of  the  most  recent  classifications  Is  th^t  of  Dr.  Theodore  Gill  (see 
"  Airatigement  of  the  FhmUies  of  the  MoUusks  pr^red  for  the  SmUhaMiian  In,- 
UUtUe,  1871).    Dr.  GiU  divides  the  Gasteropoda  thus : 

Class  Gasteropoda  or  Cephalophora. 

Sub-class  Dloeca. 

Order  1.  Fectinlbranchlata  (StrombiUy  etc.)- 
**     2.  Heteropoda  (^armaria,  etc.). 
"      8.  Rhlpldoglossa  (Nerita,  etc.). 
"     4.  Docoglossa  {PaidUiy  etc.). 
"     6.  Polyplacophom  (CfdUm^  etc.). 

Sub-class  Fulmonlfera. 
Order  6.  Fulmonata(^Zix,  etc.). 

Sub-class  Opisthobrancbiata. 
Order  7.  Tectibranchiata  (Bulkiy  etc.). 
8.  Nudibranchlata  {Doris,  etc.). 


tt 


Subclass  Pteropoda. 

Order  9.  Thecosomata  {Hyalea,  etc.) 
"    10.  Gymnosomata(C7io,  etc.). 

Sub-class  Prosocephala. 
Order  11.  Solenoconcbee  {DerUalium). 
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branchlaU)  or  gaeteropods  with  tlie  gills  on  ^  back  aud  sides 
and  towards  the  hind  part  of  the  bwtj';  as  Bulla,  Apljaia, 
Doris,  Bolie,  etc  The  aame  is  iMm  the  Qreek  opitthe,  be- 
hind, and  bragchia,  gtWa. 
4.  Heteropoda  or  NucleobrikDchiata,  or  marina  giaateropods 
vrlth  a  fln-like  tail,  tff  fan-shaped  ventral  fia  provided  vrltk 
a  sucker  tor  attachment.  They  swim  rapidly  at  the  surface 
of  the  sea.  Carinaria  is  an  example.  The  name  Heteropoda- 
comea  from   the  Greek  heterot,  diiteteut  from  others,  aud 

6.  PrEB0PODA  or  Wing-footed  gaoteropods  of  the  open  sea ;  as 
^jjalea,  etc    The  name  is  from,  the  Greek  ptenm,  a  wing, 

,  •^  ant  pool,  foot. 

1.  TheiPEoaoBBANOHiATA,  as  already  stated,  have  pec- 
tinated ot  comb-teeth-like   gills  sitttated    towards    the 


forward  part  of  the  hwiy.  They  have  a  mantle  forming 
a  chamber  over  the  back  of  ijie  head ;  and  in  this  eharaber 
are  the  excretory  orifices,  anii^in  most  cases,  the  gills 
also.  A  shell  is  always  present,  iaid  into  this  all  tho  soft 
parts  can  be  withdrawn.  "^^ 

"  Foreiffn  shells  are  quite  as  likely  to  fall  la  the  hands  ot  American 
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Slnmbui  tmgilu.Ij,    OtutbtU. 
Weit  iDdtu. 
Jparrhait  tcctdatlalii.  Beck.    Hew  Engluid. 

Those  proBobranchiates  whicli  have  the  ahell  with  the 
aperture  notched,  or  prolooged  into  a  sort  of  canal  in 


FROSOBRANCHIA.TA. 


LUD.  Bedtued. 
AiuUmlU. 


front,  are  called  the  SipKonostomft,  and  are  mAinlj  Car- 
nivorona  gasteropoda.      These  include    the    Stronibidse 


(Strombus,  Pteroceras,  etc.,  Figs.  553,  551) ;  the  ifiiricidse 
{Murexy  Jianella,  Tritonium,  Pyrvla,  Fuaug,  etc.,  Fifre. 
554,  556,  557,  555,  558) ;  the  Buccinidse  (Buccinwu,  Hi- 
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cinula,  ITarpa,  OUva,  etc.,  Figs.  559,  563,  fiCO,  561); 
the  Conidffi  {Conug,  etc.,  Fig.  562) ;  the  Volutidte  (  Voluta, 
Mitra,  MargineUa,  etc,  Figs.  564,  565) ;  and  CyprteidaB 
{Olfprcea,  Ti-ioia,  etc.,  Figs.  506,  567). 


OUta  porpliiiriii.  jMotret. 


Blciaala  ataaiuitdt: 


(■.Linn.  R(dn«d, 


Otlier  prosobranchiates  have  the  margin  of  the  aperture 
entire,  and  the  opercnlum  homy  or  shelly,  and  usually 
spiral.    These  are  called  Holostoma,  and  arc  mostly  phint- 
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eaters.      Seme  kiade,  however,  as  Natita.,  etc.,  are  car- 
nivorous. 
The  HoloEtoma  are  the  Naticidse  {Natica,  Siyaretua, 


C^pToa.    lieduced.    indli 


Pi/ramidtUa  tleganliaina, 
Hont.    Seduced.    Britain. 
Pframidfila  dotobratat 
Omel.    Weat  Iodic*. 

etc..  Figs.  571,  570);  the  FymmiMWdm  (Pynnrnddla, 
ChemnitziOf  etc,  Fig.  572);    the  Oerithiidse  {CeritAiwn, 
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etc.,  Fig.  574)  ;  the  Melaniadte  {Melania,  etc.,  Fig.  575) ; 
the  Turritellidse  {TurriteUa,  Scalaria,  etc.,  Fig8.  577, 
578) ;  the  Littorinidse  {Littorina,  etc..  Fig.  583) ;  the 
Paludinidse  {Paludina,  etn^  Fig.  582) ;  the  Neritidse 
{Nerita,  Neritina,  etc.,  Figs.  685,  684) ;  the  Turbinidffl  . 
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{Tv/rho,  Trochua,  etc.,  Fig.  586) ;  the  Haliotidse  (//a- 
liotia,  Janthina,  etc.,  Fig.  587,  588) ;  the  Fissurel- 
lidffi  {Fiasur^la,  eta,  Fig.  591) ;  the  Calyptraaidie 
(^CalyptrcEa,  Orepidula,  etc.,  Fig.  589,  592) ;  the  Patel- 
lidte  {Patdla,  Acnusa,  etc.,  Fig.  590) ;  the  Dentalidee 
{Dentalium,  Fig.  594);  and  the  ChitonidBe  {Ckitony 
Fig.  593). 


nvchu  riiniUNU.  L.    BrlUin. 
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2.  The  Pdlmonifbba,  as  already  indicated,  on  page  406, 
are  the  Land-Snalle  and  other  gasteropoda  which  are  pro- 
vided with  a  lung-like  organ,  formed  for  breathing  air. 
This  organ  is  a  cavity  or  ehamher  lined  with  a  net-work 
of  respiratory  vessels.  The  orifice  leading  to  this  lung- 
7...  like  organ  is  small  and  valve-like ;  this  prevents  the  too 
V  rapid  drying  in  the  land  species,  and  prevents  the  ingress 
of  water  in  the  aquatic  species.  Unlike  the  Sea-Snails, 
the  sexes  are  united  in  each  individual. 


PrLUoNlPERA   OR   LANT)   SKAILS,   ETC.  415 

As  already  implied,  most  of  tlie  Pulmoriifera  inhabit 
the  land,  but  some,  ae  LimncBii,  PlanorMs,  Phyaa,  etc. 
(FigB.  602,  601,  600),  abound  in  fi-esii  patera.  Some 
kinds  hare  no  operculum ;  these  ai-e  |  the  Helicidfe 
{Uelix,  Sucdnea,  Btdimus,  Acfuxtina,  P\ipa,  Clausilia, 
etc,  Figs.  595,  598,  596,  597),  the  Litn^ddEe  {Limax, 
etc.,  Fig.  599),  the  Oncidiadffi  {Oncidiuml  etc.)  the  Lim- 
naeidEB  {Zimnaa,  Phyaa,  Plaiwrbis,  etc.,  tFiga.  601-603), 
and  the  Anriculidte  {Auricula,  etc.). 


ifcJii  alMobru.  Bit.    rulted/suta. 


HiUi  aOtiabrii,  Si;. 
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Fig.  601. 


y         Fio.  603. 


Fio.  602. 


Planorbis  IftUiu,  Say. 
United  States. 


Limnasa  desidiosa.  Say. 
United  States. 


Pliy»a  htteroitropka^  Say. 
United  States. 


Fio.  C04. 


Fio.  606. 


Fio.  607. 


Hdicina  orbicul^Ua,  Say. 
United  States. 


b.  006. 


7icula  fusca 
Britain. 


Cyetostoma  dentatum. 
United  States. 


TomaUUa  tomatili*, 
Britain. 


nlmonifera  are  provided 
the  Cyclostomidae  (Cyclo- 


Some  of  the  families  of  the 
with  an  operculum.     These  are 
stomay  Hdicina^  etc.,  Figs.  605l  604),  and  the  Aciculidae 
{Adcvla^  etc.,  Fig.  606).  { 

3.  The  Opisthobranchiata  a|"e  gasteropods  whose  gills 
are  more  or  less  branched  or'  fasciculated,  and  placed 
towards  the  hind  part  of  the  bo^y.  The  sexes  are  united 
in  each  individual.  In  most  c^ses  the  shell  is  only  rudi- 
mentary, or  wholly  wanting ;  but  some  kinds,  as  Tomor- 
tellaj  etc.  (Fig.  607),  have  the  shell  as  well  developed  as 


Fio.  608. 


Fio.  60Q. 


Fio.  610. 


ii^r# 


Attanta  Permiii, 
South  Atlantic. 


Bulla  tolitaria^  Say. 
United  States. 


Elysia  viridis,  Mont. 
Britain. 
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in  other  gasteropoda ;  and  others,  as  BuUa,  etc.  (Fig.  610), 
have  tlie  shell  fully  fonued,  but  very  thin. 

One  great  division  of  tlie  Opisthiihranchiates  is  called 
Teetibranchiata,  because  the  branchis  are  covered  by  the 
shell,  or  mantle.  These  are  the  Tornatellidse  (Tornatella, 
Mingiculay  etc..  Fig.  607),  the  Bullidse  {Bulla,  etc..  Fig. 
610),  tlie  Aplyeiadte  {Aplysia,  etc.)  the  Pleurobran- 
chidse  (Pleurobranohus,  etc.),  and  the  riiyllidiadfe. 

Other  Opisthobrancliiatea  are  called  Nudi branch iata, 
because  their  gills,  situated  ou  tlie  hack  or  sides  of  the 


j^aitanvniUa,  Voibtt. 


Tia.  m.  Fig.  619. 

,<inacuia  onfarctJCn,  Hook-  11 

BT.    Sonth  Pgtoc  Beu.  E 


HydUa  trirUntaia.  GmeL 
AUmitlc  mi  Hedltemiieikii. 
IS* 


Ciio  Imrtaiii,  Bing. 
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body,  are  wholly  uncovered.  These  are  the  yDoridas 
{Doris,  etc..  Fig.  612),  the  TritonidaB  {TritoniafeUi.y  Fig. 
613),  the  ^olidae  {/EoliSy  etc.,  Fig.  611),  tKe  Elysiadae 
{Elysiay  etc.),  etc. 

4.  The  Hetbropoda  or  Nucleobranchiata  include  the 
Firolidae  (Firolay  Carinariay  etc.),  and  the  Atlantidas 
{Atlanta^  etc.,  Fig.  608).  These,  as-  before  indicated 
on  p.  407,  are  marine  gasteropodfe,  which  have  the 
"  foot "  so  modified  as  to  be  a  fin^like  tail,  or  fan-shaped 
ventral  fin,  by  means  of  which  ^ey  swim  at  the  surface 
of  the  sea.  They  are  called  Njitcleobranchs  because  their 
respiratory  organs  are  in  the  form  of  a  sort  of  nucleus. 

5.  The  Ptekopoda — by  S9hie  regarded  as  a  Class,  and 
by  others  as  a  Sub-class-rAliave  their  locomotive  organ  so 
modified  as  to  appear  \\kb  wings.  These  cnrions  mollusks 
live  in  the  open  sea,  inoving  in  immense  swarms.  They 
include  the  iLysAeide/ {Hyaleay  etc..  Fig.  614),  the  Lima- 
cinidse  {Lim(icinaJetG.j  Fig.  615),  and  the  Cliidse  {Clio^ 
etc.,  Fig.  616).     / 

The  two  firstriiamed  families — Hyaleidse  and  Limacini- 
dsB — are  the  Thecosomata  of  authors,  so  called  because 
some  of  th^r  genera  have  a  shell — from  the  Gr.  theke,  a 
case,  and  ^oma,  body.  And  the  last-named  family — Cliidaj 
< — is  the  gronp  called  Gymnosomata,  because  the  animal 
is  naked,  or  without  a  shell'— from  the  Gr.  gtmmosy  naked, 
etc. 


'    SECTION  IV. 

THE  CLASS  OF  ACEPH&LA  OR  LAMELLIBRANCRIATA  OR 
BIVALVES. 

The  molliiskB  of  this  ClasB  eeem  to  have  no  head,  thia 
importaot  part  of  the  animal  being  but  little  developed, 
and  wholly  concealed  within  the  mantle,  and  the  whole 
covered  with  a  shell  composed  of  two  pieces  called  valves. 
The  valves  are  joined  together  by  a  hinge,  and  held 


Ad  Aeeph«l-FlBBli-w»ter  Mnaael.     (/• 
Ra.  (IB. 


tntFriial  SLmctnre  of  >  Fmb-nbir  Hnnsl.  Pnlo  pic/iman,  L.,  iriOi  Uiarl«blnlT« 

ud  DUQtls  lobt  nmtnetl. 

a.  a.  addndor  mucin :  P,  f>  pedil  miiKlsa ;  i,  icoMaory  pcdl)  mdicle*  ;  t>,  amho ; 

(,  llgtment ;  b,  bnacUiil  orlBM  i  b,  uial  opening  i  /,  foot  i  «.  moutb  ;  I,  Unttelu  or 
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tightly  shut  by  one  or  two  strong  muscles  called  adductors 
(Fig.  620,  a,  a').    When  the  animal  relaxes  these  muscles 


Fig.  619. 


e  « 


/•  s 


KJ» 


An  Aeephal— Clam,  Mya  truncata,  L.    Reduced  one-half. 

r«,  respiratory  tube  or  siphon  ;  the  water  flows  into  the  branchial  chamber, 

through  this  tube,  and  out  through  the  excurrent  siphon  «. 

Fio.  620. 

I         u       Dorsal  margin. 

h 


Anterior  side. 


Posterior  sido. 


Ventral  margin  or  base. 

Names  of  the  parts  of  a  Bivalve  Shell, 
a,  place  of  anterior  adductor  muscle  ;  a',  place  of  posterior  adductor  muscle:  <,  lat- 
eral teeth  ;  c,  cardinal  tooth ;  U  lunale  ;  u,  umbo  ;  h^  hinge  ligament;  «,  sinus  occu- 
pied by  the  retractor  muscles  of  the  siphons ;  j»,  pallial  impresffion  or  place  of  the 
attachment  of  the  mantle. 

the  shell  is  opened  by  an  elastic  pad  or  ligament  situated 
at  the  hinge  (Fig.  620,  h). 

The  Acephals  abound  in  both  salt  and  fresh  waters;  and 
living  as  well  as  dead  specimens  are  always  easily  obtained 
for   study.     Every   student   can  obtain  either  an  Oyster 
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(Fig.  626),  a  Claiii  (Figs.  619  and  636),  a  Fresh-wator 
Mussel  (Figs.  CIT  and  618),  a  Scallop  (Fig.  622),  or  some 


a  Ac«pha1.    Rullop,  TVct^n  turiid,  L, 
B,  palllBl  cnrUisi ;   br,  bnnchliE.  pectm  irradiam.  Lam.  Beduced.  From 


MaUaa  valgarii,  Ltnarak. 


other  form ;  and  a  careful  study  of  one  will  give  a  general 
idea  of  all  the  ordinary  kinds. 

The  forms  of  Acephala  or  lamellibranchiata  are  very 
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numerous,  and  widely  varied  from  one  another.  Some 
kinds  liave  mach  of  regularity  in  tlioir  outline  (Figs, 
620,  622).  Otliers  arreet  oar  attention  by  tLeir  great 
irregularity  of  form  and  the  peculiarities  of  tlieir  surface 
(Figs.  623,  6:Ji,  628,  etc.). 

Most  kiuds  have  the  shell  well  developed,  but  some 
kinds,  as  Teredo  and  Aspergillum,  have  the  shell  exceed- 
ingly small  in  comparison  with  the  size  of  the  animal. 


The  structure  of  the  Acephals  or  Lamellibrancliiates, 
will  be  better  understood  by  referring  to  Figs.  618,  626-7. 


iDlArrul  Btriiclure  of  the  Oyntflr. 
tent  Ihenhell;  kg,  hlnne;  m.  one  of  Ibe  Intinsotthe  mkntlfl.  ud  m'.  pnr 
httaQTlnbfl  tnrnpil  npnH ;  ma,  maicLei  ctf  th«  flhelh  br,  bnmchliB  orgilla; 
t,  UbiiltenUolu;!,  ll*«:f,lDtMtlB*;<i,*n(U|  U,  butt. 
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The  mouth  is  Eitimted  at  ^™'  <'^- 

the  anteriur  side  or  end ; 
it  has  DO  teeth,  but  has  two 

pairs  of    labial   tentacles.  £ 

The     stomach,     intestine,  | 

and   liver  are  ■well  devel-  I 

oped.    The  heart  has  one  I 

auricle — iu  some  cases  di-  I 

vided  into  two — and  one  « 

ventricle,  and  the  intcBtine  «  j 

passes  through  it.      The  I  | 

gills  or  branchisa  consist  of  v  '3 

two  pairs  of  delicate  and  s  | 

finely-striated      membran-  I'o 

ous  plates  situated  just  be-  ^  3 

neath   the     mantle.     The  |  » 

gills  not  only  serve  for  the  j;  | 

processes    of    respiration,  i  * 

bnt  by  means  of  their  vi-  | 

bratile  cilia  they  waft  cnr-  m 

rents  of  water  bearingfood  | 

to   the   mouth,   and    they  g 

form  a  place  for  the  hatch-  ^ 

jng  of  the  eggs.  h 

Most   of   the    Acepliala 
effect  locomotion  by  means 

of    the    muscular      "foot,"  CUm,  Uya  artnana.  L.-The  left 

which  in  many  species  is  ™phl.T,^<,d^'  ""^  *""  *"" 

very  large   and  powerful;  *,  heiri;  i«.  cnt-eagBof  thBimn- 

and  in  the  boring  species,  (h™'..^-™  ,^ ^!^!^Jr!^i!l'l''^j 

or  "}  ine  watar  nowi  to  tntba  toa  giUo  %un 

as    Pholas,     TeredOy   etc,  *"  ""!'  p"rticies  of  food ;  f,  aiphnn 

(Figs.  632-4),  it  is  studded  rubw^tl^^J^Vrvart""™™"'^ 

with       siliceous      particles.  "-  "'•  aflflni^'"  minolw;  »,  body;  e, 

c.  1  •      1  r       I  i'(*ci  i  /.  '•  foot " ;  o,  glUa  m  biu- 

oome  kmtiB,  as  freah-watcr  t!b\m. 
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Mussels,  etc.,  move  by  protruding  tlie  foot  and  tlien  con- 
tracting it ;  and  others,  as  Cardium,  Trigonia,  etc.,  have 
tlie  foot  80  bent  that  they  can  make  short  leaps.     The 


ly  Oyaiet.  ^miui^iu  aiiailarti. 


Pectene  (Fig.  622),  however,  move  by  opening  and  shutting 
the  valves  of  the  shell,  and  ejecting  the  water  caught  be- 
tween the  valves,  and  thus  forcing  themselves  along. 

And  it  should  be  added  here,  that  some  kinds  are  con- 
stantly fixed  in  their  adult  state,  tlie  Sea-Hussel  and 
Pinna  being  attached  by  threads,  which  they  spin,  and 
which  are  called  a  bysans  (Fig.  629) ;  and  the  Oyster  and 
Spondylus  being  attached  by  leafy  expansions,  or  by  spines 
of  their  shell  (Fig.  628). 

Bivalves  reproduce  by  means  of  eggs,  and  are  exceed- 
ingly prolific,  some  kinds,  as  the   Mussels  and  Oysters, 


Aiperjfilivm  vagaijirviii,  lam.    Bsdnoed.    Red  Bn. 
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rfiolat  Bakgri^  1 


FhiJat  criipaia.  Linn 


BiiriDg  Bivalves,  Pliolrw . 


producing  200,000  or  800,000  young  in  a  season.  The 
eggs  are  hatched  before  they  leave  the  parent ;  and  the 
young  of  all  species  are  very  different  from  the  parent, 
and  are  swimmers,  and  have  a  pair  of  eyes  in  the  normal 
position.  Bivalves  grow  rapidly,  some  kinds  getting  their 
full  growth  in  a  single  year, 

The  nervous  system  consistB  of  two  pairs  of  small 
ganglia,  one  at  the  anterior  and  the  other  at  the  posterior 
end,  united  by  nervous  cords  or  filaments. 

Naturalists  generally  recognize  two  great  divisions  of 
the  Acephals :  1.  Dihyabu.  (from  the  Gr.  dis,  two,  and 


^; 
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t.  Una.    Uuub  UcduKd.  AtUutlc. 


Aukbira  obtuta,    BrlMlQ. 


Fio.  638. 


musa  Imcra.  Bmj.  TeUitta  lenla,  Oif. 


mus,   muaele),  or  those  whose  shell  is  closed  with  two 
moBcles,  as  in  the  Clam  {Mya)^  etc.,  and,  2.  Monohyaria 
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(from  the  Gr.  monos,  one,  and  vius,  miiacle),  or  tlioBo  whose 
shell  ie  closed  by  one  muscle,  aa  the  Ojster,  etc.  • 


Liojtenwmt.  Bitf.    Beili 
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A  more  recent  dsasifiiyttion,  that  of  Dr.  Gifl,  in  the 
paper  cited  on  page  406,  recognizee  five  OnJ 

Mya,  Pandora,  Mactara,  TeiUp.af^/therea,  AitaHe,  Cardium, 
Vnio,  Leda,  etc,  eW 

2.  Metarbhipt^,  i»  Tridaena,  etc. 

3.  Hetekomyaria,  as  JT^t^u*.  etc. 

4.  MOHOMYARIA,  aB  Pinna,  Spondyltu,  Mattetu,  PeeUa.  Ottrea, 

5.  RlTDISTA— Coral-like  molluskti—aU  foaall. 


y 


SECTION  V. 

THE  CLASS  OF  TUNICATA  OR  ASCIDIANS. 

The  Tunicata  are  one  of  the  great  groups  of  raoUusk- 
like  animals  which  authors  include  in  the  Sub-branch  of 
Molluscoidea. 

They  are  exceedingly  unlike  typical  mollusks  in  their 
general  appearance,  and  very  unlike  them  in  many  points 
in  their  structure.      Gegenbaur  classes  ^^  ggg 

them  with  the  Vermes. 

The  Tunicates  are  more^or  less  bottle- 
shaped  or  pouch-like,  and  attached  to 
submarine  bodies,  are  entirely  destitute 
of  hard  parts,  being  covered  by  an  elastic 
tunic,  instead  of  a  shell,  and  some  kinds 
are  so  transparent  as  to  exhibit  plainly 
their  internal  structure. 

Some  kinds  are  simple  and  solitary ;         Tunicates. 
others  live  together  in  communities ;  and   ^  compound  cluster  of 

others   still   are  compound  clusters    (Fiff.  Tunicates  or  Ascioians, 
^^^,  ^  V      o  soUenia,    Beduced. 

653\ 

J 

Pio.  654.  Fig.  656. 


Tunicate,  Eugyra  pihUaris,  Ver-  Tunicate,  MolgtUa  arencUa,  Stimpson. 

riU. 
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They  areliollow,  and  liave  two  orifices,  one  for  the  in- 
greES   of   water  and   food,   and   another  for  the   egress 
f„  ^  of  water  and  tlie  waste  of  the 

■^  body. 

In  moBt  genera  of  t]ie  Tuni- 
cata  the  sexea  are  nnited,  and 
reproduction  is  carried  on  by 
means  of  egga,  and  by  a  bud- 
ding process  or  gemmation. 

The  lMy»  of  Ascidlaue  are  tadpole- 
like in  akape,  and  move  freel;  about  in 
the  wat^.  It  iB  claimed  tliat  the;  are 
related  to  tUe  VertebrateHintheirmode 
of  development.  In  the  relative  poaL 
tioD  of  their  nervous  system,  and  in 
possessing  a  Btructnre  closelj'  like  the 
thorda  dormUU  of  vertebrated  aoimala. 
And  according  to  Darwin,  the  Verte- 
brates may  have  been  derived  from 
animals  resembling  the  Urvn  of  our 
present  Ascidiansl 

Tmicmit.  Atetdimniumaduu.  ,  ,  hi 

fa.  lucnrrent  oMow ;  tx.  eicur-  The  tunicate8,which  are  Called 

™'tuni^  *'' ""T'f""'  'i"  ^*^F*  **''  Salpidse,  are  remarka- 

tniiHciiiir  &ber>;  ft,  bnnctiisL  uc;  ble  from  the  fact  that  the  gen- 

^u,!r^,  S  «d  "Z.™  eratione  are  alternately  soUtary 

■iniua;  ■>.  mouth  M  tka  bottom  and  aggregated. 

S..«;SSl,-;:,r;r:r:  Thst  «,  the  Salp,  produce 

tsnaiMtiooof  thBintMtine;  r, «.  loHg  chains  of  enihryos  wholly 

prod»t.™orB«.  ^^^^^^    ^^^   ^^^^^       jjach    Indi- 

Tidaal  of  these  compound  specimens  produces  eolitary 
young  wholly  unlike  tlie  pai-ent,  hut  like  the  grand-" 
parents.  And  these  solitary  ealps  produce,  in  turn,  long 
chains  of  embryos — and  so  on ;  only  the  alternate  genera- 
tions being  dike. 


TUlnOiTA:  BALP9 
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SaCpa  tiuaima,  Fonkihl.    The  Sat  buidi  irs  mnsculu'  tluiw. 

Some  kinds  of  tunicates,  as  the  Pyrosomca  or  Pyroeo-" 
midBe — which  live  in  cylinder-ehaped  compfinnd  cominn- 
nities — are  remarkable  for  their  phosphorescence  at  night, 
sometimes  resembling  "incandescent  cylinders  of  iron." 

Dr.  Gill,  in  the  paper  already  cited,  recc^izes  fonr  Or- 
ders of  the  Tunicata ; 

1.  SaCCOBRANCHIA,  aa  Aaddium,  Boitenia,  (MveUin«,BolrgUat, 

3,    DaCTYLOBHANCHIA,  &s  Pyroioma. 
3.   T^NIOBRANCHIA,  as  Saipa.  etc 

i.  LabtiALIA,  as  Appendiculm-ia, 


SECTION  VL 

THE  CLASS  OP  BBACHIOPODA  OR  BBACHIOPODS. 

The  Brachiopoda  get  their  name  from  the  two  long 
ciliated  arms  growing  from  the  sides  of  the    mouth, 


witb  uft  pwU. 


Bnchlpod— ld«l  aide 


by  means  of  whiqji  they  create  currents  in  the  water  and 
thns  secure  their  food.  The  name — from  the  Gr.  hraah- 
ion,  an  arm,  B,nA  poua,  a  foot — means  arm-footed,* 

All  the  Brachiopods  are  marine,  and  are  found,  mostly, 


4 


Ter^iratvla  leglaanonalit,  Oonth. 


*  There  la  a  doDbt  as  to  tbe  true  afflnittes  at  the  Brachiopods.    Profe^sot 
MorM  and  many  otlit-TS  regard  them  u  Articulates  (see  foot  note  p.  370). 


BRACHIOPODA. 


in  deep  water,   Imnging  from  ebelving  rocks  and  from 
coml  banks.     Some  kinds,  as  Lingula,  are  found  living  on 
or  in  the  sands,  in  shallow  water. 
Fis.  eti. 


Lingula  anatina,  iMa.    Bedaced.    PhUlppiDM. 

There  aro  nearly  a  hundi'ed  living  species;  and  more 
than  twelve  hundred  species  have  been  found  in  the  rocks, 
from  the  Silurian  to  the  Present. 


Miiscuhr  system  nf  »  BrMhinpod— I*r(*ra*ijte. 
iucl«a;  V,  cUilliiBl  miucleB;  t.  acceHory  muicleB;  p.  mitnl  p«d- 
(luiaal  pedicle  miuclps;  i,  WFaolar mDBCleB :  a,  mouUi;  v,  vsDt: 


DorBil  v«lvB  VenlriJ  v»l»B. 

VUnU  Btmchlopod—SiiirifliTa  ilriala,  Sowerby.     The  dorul  valve,  ihawjng   iplnl 

lir>ice«»  Igr  tba  aupport  of  Uw  oni  wnu. 


434  mollusca:  brachiofoda. 

The  shell  of  the  Brachiopods  is  composed  of  two 
valves,  and  occupies  a  dorsal  and  ventral  position  in  rela- 
tion to  the  body  of  the  animal. 

The  valves  are  of  unequal  size,  the  dorsal  being  the 
smaller,  and  the  ventral  valve  the  larger. 

The  dorsal  valve  is  always  free,  and  not  perforated  ;  the 
ventral  has  a  more  or  less  prominent  beak,  through  which 
passes  a  fleshy  peduncle,  by  means  of  which  the  animal  is 
attached  to  submarine  bodies. 

Unlike  the  shells  of  the  typical  mollusks,  the  valves  are 
symmetrical  in  shape,  the  two  sides  being  alike. 

The  two  valves  are  articulated  by  two  curved  teeth  de- 
veloped from  the  margin  of  the  ventral  valve,  and  received 
by  sockets  in  the  dorsal,  making  a  hinge  so  complete  that 
the  two  valves  cannot  easily  be  separated. 

The  Brachiopods  are  divided  by  naturalists  into  two 
Orders :  .         '         '    ~  ^ 


(\ 


^l.   ArthrOPOMATA,  as  Terebrattda,  Spirifer,  et) 
2.   Lyopomata,  aa  LiTigtUa,  Discina,  etc. 


SECTION  Til. 


Thb  Bryonia  are  small  or  minote  moling  growing  in 
chistors,  and  are  exceedingly  plant-like  in  their  general 
appearance.  Some  kinds  belong  to  tlie  sea,  and  are  fooiid 
upon  rockB,  shells,  and  seaweeds.  Others  are  confined  to 
fresh  water  ponds  and  streams,  and  are  found  attaclicd  to 
etioks,  and  Ecnken  logs,  and  to  rocks  and  other  bodies  be- 
neath the  surface  of  the  water. 


One  of  the  most  remarkable  things  in  the  stmctnre  of 
tlie  marine  bryozoa  is  that  called  "  birds'  heads."    In-soine 

*  Fmelurd  and  oUmti  regard  the  Poljrioa  u  wormi. 


486  M0LLU8CA :  BayozoA. 


.Dch  Eugnlfledi   d,  bryo* 


specieB  every  cell  has  its  "birds'  head'*  (Fig.  667),  and 
this  strufturo  is  exceedingly  active,  opening,  ehntting,  and 
snapping  almost  continually. 

Many  of  the  marine  kinds  produce  coral ;  and  patches 
of  this  substance  are  common  on  stones,  shells,  and 
Bea-weeds,    These  delicate  patches  of  coral  are  composed 
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I.  HtneraUclmoidit;  a.  FotUoii  of  tha  ■ 


of  miiiate  cells,  and  present  a  very  beantiful  appearance 
when  examined  by  means  of  a  magnifjing  glass. 

Vla.M».  '^ 


8B»-lUt,  I1iutra/iitiana, 
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The  *'  Sea-mats  "  are  also  communities  of  the  Bryozoa. 
Each  side  is  covered  with  cells  of  a  somewhat  horny  na- 
tm'e,  and  each  cell  marks  the  place  of  a  bryozoan. 

The  Polyzoa  comprise  two  orders : 

PHYLACTOLiEMATA  (from  the  Gr.  phvldktos,  guarded,  and 
laimMt  throat),  or  those  in  which  the  entrance  to  the  throat 
is  guarded  by  an  epistome,  as  PectineUa,  CristateUa,  Pluma- 
teUa,  and  PediceUina,  etc. 
2.  GymnOL^MATA  (from  the  Gr.  gumnos,  naked,  and  laimos, 
throat),  or  those  in  which  the  opening  to  the  gullet  is  un- 
covered, as  PalitdieeSa,  Eacharida,  Mustra,  etc. . 


Pmncipal  Topics  Considebrd  in  Chaptbb  IV. 

Sbction  I. 

The  MolloBca  considered  as  a  Branch. ^Their  form,  stractnre,  habits,  uses,  etc. 

— Classiflcation. 


Section  II. 

eUB-SBCTION  I. 
The  Cephalopoda  considered  as  a  Class. ^Their  form,  stmetore,  size,  habits,  etc. 


SUB-SBCTION  II. 
The  Dibranchiata^indnding  the  Argonaut,  Octopus,  Cattle  Fishes,  etc^deflned. 


STTB-BBCTION  IH. 
The  Tetrabranchiata  deflned. — Nantilidte. — ^Ammonltidn. 


Section  III. 

The    Gasteropoda   considered    as   a  Class. Shell. Opercnlnm. Teeth. 

— Internal  Stmctnre. Beproduction. 

1.  Prosobranchiata. 8.    Pulmonifera. — 8.  Opisthobranchlata. 4.   Hetero- 

poda.^— 6.  Pteropoda. 


Section  IV. 

The  Acephala  or  Lamellibranchiata  or  Biyalves  considered  as  a  Class. Their 

external  form,  internal  stmctare,  and  Ainctions  of  the  various  parts. Classiflca- 
tion. 


Sections  V.,  VI.,  and  VII.  treat,  respectively,  of  the  Tnnicata,  Brachidpoda,  and 
the  Folyzoa  or  Bryoaoa, their  form,  structure,  etc. 


CHAPTER  V. 

THE  BRANCH  OF  RADIATA  OR  RADIATES. 

SECTION  I. 

THE  RADIATA  CONSIDERED  AS  A  BRANCH. 

In  all  the  animals  of  the  preceding  branches  we  have 
found  an  anterior  end  and  a  posterior  end,  a  right  side  and 
a  left  side,  an  upper  side  and  a  lower  side,  more  or  less 
plainly  marked. 

But  the  Eadiates  are  so  constructed  that,  apparently, 
they  have  no  forward  end,  no  posterior  end,  no  right  side 
no  left  side ;  but  all  their  parts  radiate  from  a  center,  or, 
rather,  from  a  central  axis.  In  a  word,  they  are  animals 
built  essentially  on  the  vegetable  type  of  structure.* 

All  radiates  are  aquatic,  and  nearly  all  marine.  They 
comprise  threjs  Classes : 

1.  ECHINODEBHATA   or  radiates  with  a  tough  skin,  containing 

calcareous  particles  ;  or  with  a  shell  composed  of  calcareous 
plates,  movable  or  fixed,  and  bearing  tubercles  or  spines.  Sea- 
cucumbers,  Sea-urchins,  Star-fishes,  Serpent-stars,  and  Cri- 
nodds  are  examples. 

2.  Ac ALEPHJE  or  radiates  of  a  jelly-like  consistency ;  as  Jellyfishes. 

3.  Polypi  or  radiates  which  are  flower-like  in  form,  and  with  the 

body  divided  into  vertical  chambers  by  vertical  plates ;  as 
Coral-animals  and  Sea-anemones. 

Some  naturalists  refer  the  forms  here  called  Kadiata  to 
two  sub-kingdoms  —  Echinodermata  and  Coelenterata. 
(See  foot-note,  p.  284.) 

*  The  above  is  true  as  a  general  statement.  But  it  must  be  added  here  that  moet 
radiates  exhibit  some  indicatioDs  of  an  anterior  and  a  posterior  end,  and  more  or  leas 
of  bilateral  symmetry. 

It  may  be  added  here  that  Von  Baer  has  shown  that  in  each  of  the  four  great 
branches  of  the  Animal  Kingdom  there  is  a  special  mode  of  development  in  the  egg. 
In  the  Vertebrates  the  germ  divides  into  two  folds— one  turning  upward,  and  the 
other  dovmward.  In  the  Articulates,  the  germ  lies  with  its  back  on  the  yolk.  In 
the  HoUusks  the  germ  lies  ui)on  the  yolk  and  absorbs  it  into  the  under  surfikce  of  the 
body.    And  in  the  Badiatcs  the  germ  occupies  the  whole  periphery  of  the  sphere. 


V 
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SECTION  11. 

THE  CLASS  OF  ECHINODERMATA  OR  ECHINODERMa 

Sub-section  I. 
The  Echikodermata  Coi^sidered  as  a  Glass. 

The  Echinodermata  are  radiate  animals  which  have  a 
tongh  skin  containing  particles  of  carbonate  of  lime,  or  a 
shell  composed  of  calcareous  pieces,  which  are  movable, 
or  fixed  together,  and  covered  with  tubercles  or  spines. 

The  parts  of  their  structure  radiate  from  tlie  mouth  or 
oral  opening,  and  meet  in  the  opposite  pole  or  ab-oral 
region ;  and  in  general  there  are,  along  certain  of  the 
rays,  regular  rows  of  tubular  suckers  used  in  locomotion. 

The  name  Echinodermata  comes  from  the  Greek  echinosy 
a  hedgehog,  and  derma^  skin,  and  is  given  to  tliese  ani- 
mals because  many  of  them  are  covered  with  spines,  as 
stated  above,  thus  reminding  us  of  the  hedgehog  (Fig. 
135)  of  tl,e  fields. 

In  the  Kadiates  there  is  generally  a  reigning  number — 
a  number  to  which  the  parts  conform.  In  the  Echino- 
derms  this  number  is  Ji/ve  /  that  is,  the  parts  are  five,  or 
some  multiple  of  five. 

The  internal  organs  are  quite  well  defined.  In  the 
Ilolothurioids  and  Sea-urchins,  the  alimentary  canal,  form- 
ing  one  or  two  turns,  extends  through  the  whole  length 
of  the  animal.  In  the  Star-fishes  the  digestive  cavity  is 
a  sac  with  branching  appendages,  and  with  only  one  open- 
ing. 

19* 


442  badiata:  echikodebmata. 

The  circulatory  apparatus  is  well  developed,  the  blood 
being  distributed  in  real  blood-vessels. 

Respiration  is  performed  by  means  of  branchiae,  by 
organs  performing  other  functions,  and  by  water  passing 
into  the  cavity  of  the  body,  and  thus  aerating  the  blood 
through  the  capillary  vessels  of  the  viscera. 

The  muscular  system  is  well  developed.  The  nervous 
system  consists  of  a  ring  around  the  commencement  of 
the  oesophagus,  which  sends  off  branches  along  the  rays. 

Echinoderms  increase  by  means  of  eggs,  are  marine, 
and  are  abundant  on  almost  every  coast ;  and  the  remains 
of  extinct  species  fill  the  rocks  in  many  regions. 

The  Echinodermata  are  divided  into  five  Orders :     j^ 

!•  HOLOTHU-Ripf  DES:  oFlTiose  Wt1;lrft4QQg^and  more  or  less  cylin- 
dricaV^bodj  covered  with  a  tou£:h  skin  cmStsiBUifi' calcareous 
\^  pai^icles  ;/a8  Sea-Cucumbers,  etc.  ^..^^^ 

«      2.  E(7HIK0IDEA  nijrililiiuiliisiiju^ii  nil  a  hard  sheU  covered  with 
^^  spines  ;  A£^0^Urchin& 

'    3.  ASTERIOM^A    or  Echinoderms  whi^^re   star-shaped,  and 
*\  covejra  with  a  skin  jQlUed  witlijDO¥abie^lates,  and  be&Fifig 

^  tubwoles  insteadof^^gpiaes'j'as  Star-fishes. 

4.  0PIlIUj^Xi^*^E5ror    star-shaped  Echinoden^L  whose    long, 
reh9Nc£  brittle  iiijmj  nliiiii  oil   lltllll|ill)  I'liiiii^iii  relatively 

'^  iail  ;  as  Serp«|t-stars. 
6.  CbINOIDBA  or  Echinoderms  which,  either  in  their  larval  or 
adult  form,  are  provided  with  a  stem ;  as  Crinoids,  both  living 
and  fossil 

Sub-Section  IT. 

The  Oedbr  of  Holothueioidba  or  Holothurians. 

The  Holothurioids  are  echinodeims  which  have  the 
body  long,  cylindrical,  somewhat  worm-like  in  general 
appearance,  with  a  row  of  appendaiges  around  the  oral 
opening,  and  without  a  calcareous  shfil,  but  with  a  tough, 


HOLOTHURIOIDBA. 


leathery  envelope,  capable  of  great  dilation  and  contrac- 
tion, and  generally  containing  more  or  leea  of  calcareous 


/  FUt«  from  tlie  lUu  of  Holotborluia,- 


particles.  /  The  different  flpeules  vary  from  an  inch  to  a 
foot  in  l0ngth. 

Peniaotafrondosa  (Fig.  670)  ia  very  abundant  at  Grand 
Menan,  on  the  coaBt  of  Maine.  It  reBembles  the  kind 
called  Trepang,  which  the  Chineae  use  for  food. 


KADIATA  :  ECHIXODEUUATA. 
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ZCHINOIDS. 


Sfb-Sectioh"  in. 
The  OKDEtt  OF  Echinoids  or  Sea-Urchins. 

The  Euliinoids  are  echinoderms  which  have  a  more  or 

less  spherical  or  dkcoidal  shell  compoBed  of  deHnitely 

formed  and    sym- 

rie.ns.  ^,  ' 

metrically  arrang- 
ed plates,  which  are 
covered  and  finiily 
bound  together  by 
a  skin,  ana  wliich 
bear  tubercles 
which  are  crowned 
with  spines. 

The   plates    are 

Sea-nretiln,  Eatinu  naMHiflaau.  SO   arranged    aS    tO 

divide  the  shell 
into  more  or  leas  distinctly  marlced  zones,  radiating  from 
the  oral  opening. 

In  every  alternate  zone  the  pistes  are  perforated  for 
the  passage  of  the  locomotive  suckers  or  ambulacra,  and 
are  called  artJyidaiyrcH  plates ;  and  the  plates  of  the  other 
zones  are  not  perforated,  and  are  called  mierajjibulaoral 
plates. 

By  moans  of  the  snckers,  which  can  be  extended  much 
beyond  the  spines,  these  animals  can  cling  firmly  to  other 
bodies,  and  thns  move  about  over  the  rocks,  and  even  np 
and  down  their  smooth  sides,  as  well  as  on  level  sur- 
taces. 
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At  the  termination  of  each  of  the  live  belts  or  zones  of 
ambiilAcral  plates  there  is  a  httle  triangular  plate  with  a 
minute  opening  which  marks  tiie  place  of  the  eye.  Al- 
ternating with  the  eye-plates  are  five  larger  plates,  each 


Sos-Urclilii.    Tiaapneutla   dmbatMeatti.  Top  view  of  Bo-nrohln,  aplnea 

Kg,    Both  cowls  of  tlie  Cnlted  SMtes,  removed.     Sbowi  uubnlacnd 

at  tbe  North.  and  luMruubuUcnl  plBta*. 

perforated  with  a  larger  hole,  through  which  the  e^;8  are 
laid.  One  of  these  plates  is  larger  than  the  others,  and 
is  filled  with  very  minute  holes,  and  is  called  by  natural- 
ists the  inadreporio  body.  It  is  believed  to  serve  as  a  fil- 
ter to  the  water  which  passes  through  it  into  the  body  of 
the  animal. 

The  month  is  in  the  under  side,  and  is  armed  with  five 
strong  pointed  and  polished  teeth,  which  form  the  outer 
part  of  a  remarkable  dental  apparatus,  which  is  called 
Aristotl^a  lamtem. 

In  a  Sea-urchin  of  ordinary  sisie  there  are  five  or  six 
hundred  plates,  all  fitting  together  in  the  most  perfect 
manner,  and  bearing  more  than  four  thousand  spines ; 
and  the  suckers  number  about  two  thousand  I 

Besides  the  spines  and  the  suckers,  there  are  scattered 
over  the  body  and  around  the  mouth  of  the  Sea-urchin  a 
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great  number  of  ctirioas  little  organs  called  PedicillaruB. 
Tliey  look  like  a  stem  ending  in  a  knob ;  but  the  knob  is 
composed  of  three  pieces  or  blades,  which  open  and  shut 
tightlj,  thus  lorming  a  sort  of  pincers.    The  uses  of 


Small  portion  of  ft  cum  section  of  *  (pine  of  ft  Bea-Arclilu. 
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tliese  orgaud  are  not  fidly  iinderatood ;    but  one  of  tlieir 

uses  is  to  aid  in  keeping  tite  epines  clean. 

The  Echinoide  represented  by  Fige.  673-675  have  the 

month  below  and  tlie  vent  above,  and  both  central ;  and 

tliey  liave  the  ambulacra 

^  ..  no.  sn. 

lu  nve  pairs  continuona  ^ 

from  the  mouth  to  the 
vent,  and  so  they  are 
called  the  Regular  Echi- 
noids. 

Besides  these  there  are 
many  kinds  of  Sea-ui^ 
chins — mostly  mnch  flat- 
tened, and  in  many  cases 
elongated  in .  one  direc- 
tion more  than  in  the 
other — which  have  the 
mouth    below,  and  the 

central,  but  sometimes  be- 
low, and  sometimes  at  one 
side  (Fig.  679),  and  the  am- 
bulacra not  continnons ; 
and  in  many  cases  the  shell 
IE  very  eurionsly  modified, 
exhibiting  holes,  Angers, 
etc.  (Figs.  678,  680),  quite 
different  from  anytliing 
seen  in  the  typical  Sea- 
nrchtns  —  therefore  they 
are  called  Irregular  Eclii- 
noids. 


A8TESI0I»BA. 


Sub-Section  IV. 

The  Ordee  op  Astebioidea  or  Star-Fi8fe9. 

The  Star-fishes  are  echino^ermB  which  are  more  or  less 
"^star-shaped,  the  disk  or  central  portion  gradually  merging 
•'  into  the  rays.    Beneath  each  ray  there  is  a  lai^  number 
of    locomotive    Euckei-s,  like  those   of    tho    sea-nrchins 
already  described.    The  month  is  on  the  under  side  in 
the  centerj  and  there  is  an  eye,  or  eye-spot,  at  the  end  of 
v]  each  ray. 
.       By  means  of  the  ambulacral  tabes,  or  suckers,  Star- 
fishes move  over  the  rocks  and  all  kinds  of  snrfaces ;  and 
they  eling  to  the  rocks  so  firmly  that  they  are  removed 
with  difiicnlty,  and  will  sometimes  even  allow  their  am- 
bulacra to  be  pulled  off  rather  than  let  go  their  hold. 

Tlieir  covering  is  not  solid  as  in  the  Sea-nrchina,  but  is 
composed  of  movable  plates,  so  that  these  animals  are 
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able  to  bend  themselTeB  in  every  direction,  and  thus  work 
tlieir  way  into  boles  and  tisenres  in  rocks  wbefe  wu  would 
not  expect  to  find  tbem.    Star-fisliee  feed  upon  mollnBke 


and  otber  marine  animals ;  and  when  they  feed  tbey  turn 
the  stomach  ont  of  the  month  and  over  the  food  to  be 
devoured. 

On  the  back,  near  the  junction  of  two  of  the  arms,  is 
the  madreporic  body,  described  in  speaking  of  the  Sea- 
nrcbins.  It  is  a  sort  of  minute  sieve,  and  forms  an  en- 
trance to  a  series  of  internal  water-tubes,  some  of  them 
connecting  with  the  locomotive  suckers  and  supplying 
them  witli  water.    Water  is  also  admitted  into  the  body 
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through  minute  holes  which  cover  the  whole  surface  of 
the  animal. 

Star-fishes  often  lose  one  or  more  of  their  arms  by  being 
dashed  against  the  rocks  by  the  waves,  or  the  arm  is  bitten 
off  by  a  fish.  In  such  cases  a  new  one  sprouts  out  in  the 
place  of  the  old  one ;  and  specimens  may  be  found  show- 
ing such  new  rays  in  all  stages,  from  those  that  have  just 
begim  to  sprout,  to  those  that  have  nearly  reached  their 
full  growth. 

SUB-SECTIOK     V. 

The  Order  of  Ophiurioidea  or  Serpent-Stars* 

These  curious  echinoderms,  which  hide  under  the  sea 
weeds  and  in  the  darkest  crevices  of  the  rocks  of  the  sea, 
have  long  tapering  arms  which  start  off  abruptly  from  a 
comparatively  small  and  a  well-defined  disk.     They  thus 
differ  in  a  marked  degree,  even  in  external  form,  from 

pj^  gg2  the  true  Star-fishes,  which 

have  the  disk  or  cen- 
tral portion  comparative- 
ly large,  and  gradually 
merging  into  the  arms. 

The  name  of  this  or- 
der is  from  ophis^  a  snake, 
and  oura^  a  tail ;  the 
arms  taper  like  a  snake's 
^il.  The  Ophiurans  are 
often  called  "  Brittle 
Stars,"  because  they  are 
exceedingly  fragile,break- 
ing  at  a  very  slight  touch ;  and  they  also  readily  break 
themselves  into  pieces,  probably  by  contraction. 


Serpent^tar,  OphiopkoUs  hellit,  Lyman. 


45S  kadiata:  echinodbbhata. 

The  Ophiurans  have  no  teeth,  bnt  in  place  of  toe& 
hard  ridges.  They  have  no  interambulacral  Bpaoes  or 
platee;  but  a  single  series  of  huge  plates  envelop  the 


'■Butat-lUb,"  Attraplii^ati  AfoaitH,  BttmiaKin. 

whole  of  each  arm,  meeting  in  a  ridge  along  the  middle 
of  its  under  snrface.  They  have  no  trae  snckers  like  those 
of  Star-dshes,  etc. ;  hut  in  place  of  these  they  have  rough 
or  tubereiilated  organs,  which  pass  out  through  the  numer- 
ous holes  in  the  sides  of  the  arms.  Their  madreporic  body 
is  one  of  the  circular  pUtes  on  the  under  side  of  the  disk  ; 
and  the  ovarian  openings  are  in  each  side  of  the  arms,  at 
the  base. 

Most  of  the  Ophiurans  have  the  arms  simple ;  but  one 
kind — the  Astrophyton — which  attains  a  diameter  of  ten 
or -twelve  inches,  has  the  arms  extensively  branched,  the 


arms  dividing  and  subdividing  nntil  the  branches  are  said 
to  numljer  more  than  80,000  I 


SnB-8B0TION   VI. 

Thb  Obdeb  of  Cbikoidba  or  Ceikoids. 

The  echinoderms  of  this  order  are  called  Crinoids  on 
account  of  the  plant*like  or  lily-like  appearance  of  many 
of  the  species,  especially  of 
those  found  fossil  in  the 
rocks.  The  name  Crinoid 
is  from  krinon,  a  lily,  and 
eido«,  like. 

In  ilic  Crinoids  we  see 
a  great  development  of  the 
aboral  region  as  compared 
with  the  oral ;  and  the  for- 
mer is  generally  calyx-like, 
and  composed  of  immovable 
)  plates,  and  in    many    cases 

the  whole  supported  on  a 
long  flexible  stem  composed 
of  many  plates  of  a  beauti- 
ful stnictnre. 

Sonic  kinds  of  Crinoids, 

as  the  Kosy  Feather-star  or 

cduoM,  AfUoerimii  vtfKdfiiiiaa.      Comatula,  have  a  stem  in 

"  "  **■  theyonngstate,  but  at  length 

drop  from  the  stem  and  spend  the  remainder  of  their 

life  »8  free  crinoids. 

There  are  bnt  a  few  living  species  of  Crinoids.     But  in 
the  rocks,  in  various  parU  of  the  United  States  and  in 
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wta  es7  otliercountrieSjtliestemmed 

kinds  are  exceediugly  abiin- 
danti  sliowiiig  tliat  these  an- 
imak  lived  in  pi-ofnsion  in 
the  old  oceans  which  ages 
ago  covered  a  large  part  of 
our  country  and  of  otlier 
conntrieB.  And  the  foseil 
crinoids,  eBpecially,  are  so 
various  in  fonne,  and  bo 
beautiful  in  patterns  and 
markings,  that  no  words 
can  fitly  describe  them. 
The  workman  in  the  quarry 
stops  to  admire  them,  and 
the  teamed  naturalist  is 
fascinated  by  their  beauty, 
and  never  grows  weary  of 
E.ny  .lagH  oi  •  free  orinoid  -  Bow     Studying  them.     Tliey  are 

P«ther..t«,0™a(«(«r«««a.  A,™ry  t),^  i'gema"  of  the  gColog- 
*.rlT  .tige;   B.  (tathar  «<i™t,«d;   C,       .  "  .  ^.      ■        ■ 

jDBt  nady  to  drop  trom  the  elem  wd       ICal  COUCCtlOn,  aud  their  piC- 

b«™,e.ft««cmiowtF,a.6B6).  M«-  t„refl  are  among  the  most 
interesting  to  be  f<mnd  in 
the  Geological  Reports  of  tlie  States  where  these  fossils 
abound. 

Spedal  students  of  the  EcliiaodennB  are  referred  tn  the  writinga  of 
\  AgaBBiE  "  On  the  Embryology  of  the  EchiDodennB,"— ao<i  to  his 
work  on  the  the  "  RerisioD  of  the  Echini." 
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SECTION  III. 
THE  CLASS  OF  ACALEPH,E  OR  JELLY-FISHES. 

Sub-section    I. 
The  Acalefhs  Coksideked  as  a  Class. 


The  Jelly-iisLes  are  ainotig  tlie  mo6t  wonderful  of 
all  the  aniumls  of  the  sea,  Tlieir  jelly-like  Ijodies, 
curions    forms  and    strtictiira,  ^^ 

their  beautiful  colors,  of  claret, 
roee,  and  pink,  their  varied  and 
almost  magical  movements,  rs 
varied  and  gracetiil  as  tlioee  of 
the  birds  and  insects  of  the  air, 
their  phosphorescence  by  night, 
cansing  tlieni  to  be  called  the 
"  Lamps  of  the  Sea,"  and  their 
curious  changes  in  passing  from 
the  yonng  to  the  adult  state, 
have  interested  all  intelligent 
visitors  to  tlie  sea-side,  and  have 
caused  these  animals  to  be  care- 
fnlly  studied  by  some  of  the 
most  eminent  of  naturalists. 

The   name  Acalephse   (from 
the  fireek  ahalephe,  a  nettle)  „  .  ,  ^,    .        .„    ., 

is  given  to  these  animals   be- 
cause some  of  them  cause  a  stinging  sensation  when  tliey 
touch  our  flesli  ;  hence  they  are  often  called   Sea-Nettles. 
They  are  also  as  often  called  Medusfe. 

If  we  examine  the  structure  of  Acaleplis,  we  find  a 
cavity  or  stomach,  hollowed  out  of  the  mass  of  the  body, 
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and  in  most  cases  this  cavity  has  an  opening  or  mouth  ; 
the  edges  of  this  opening  are  turned  outwards  and  pro- 
longed into  fringes.  And  there  are  tubes  which  radi- 
ate from  the  center  of  the  body  and  unite  with  a  tube 
at  the  circumference.  Jelly-fishes  also  have  long  or  short 
tentacles. 

The  kinds  of  Jelly-fishes  are  numerous,  and  they  vary 

in  size  from  those  scarcely  visible  tp  those  which  are  one 

or  two  yards  in  diameter,  and  with  tentacles  thirty  or  forty 

feet  long.    Alexander  and  Mrs.  E.  C.  Agassiz  (^^  Sea-side 

/  Studies,")  mention  one  which  measured  about  seven  feet 

/  in  diameter,  and  had  tentacles  more  than  a  hundred  feet 

in  length ! 

Jelly-fishes  feed  upon  their  own  kind,  and  other  marine 

'^  animals,  which  they  secure  by  means  of  their  tentacles 

. }     and  lassos.     On    the  tentacles  of   Jelly-fishes,  and  of 

Polyps,  there  are  numerous  microscopic  lasso-cells,  each 

N      containing  a  long  spirally-coiled  thread  or  lasso,  which 

vJ     can  be  instantly  darted  forth  and  fastened  upon  the  little 

shrimp  or  other  animal  desired  for  food. 

According  to  Agassiz  the  Acaleph©  may  be  divided 
into  three  Ortjers  :*         f) 

1.  CtbKOPHOR^,  ^i  ttiflilupliB  wUli  tt  Tftore  or  less  spherical  or 
elou-sUsped  fomi,  and  with  the  body  made  up  of  eight 

omologous  segments  bearing  eight  rows  of  locomotive  ap> 
udag^es ;  as  PUurobrachia,  Bero^,  Idyia,  etc. 

2.  DlSCIfi^PHOR^  or  jeny-fishes  with  a  more  or  less  hemispherical 
or  dil^^haped  form,  with  fringes  or  tentaclei^  around  the 
outer  nui>|(i{i ;  as  Aurelia,  Oyanea,  Pelagia,  etc. 

3./  HydROIDEA  or  acalephs  which  are  plant-like,  gjr  polyp-like 
/        in  form — some  kinds  resembUng  ordinary  jncdiisae ;  as  Goryne, 

or  SarHa,  Tubuiaria,  Hffbocodon,  OePlnpanularia,  Sertulariti, 

TiaropnSf  PhpsaSa,  etc. 

*  See  the  splendid  works  of  Agassiz :  '*  Contributions  to  the  Natural 
History  of  the  United  States/'  from  which  all  but  one  of  our  cuts  of  the 
Acalephs  are  copied. 


1 
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Thb  Obdbb  of  Ctenophoba  OB  Beboid  Medcs^. 

The   Bei'oid   Mednste  kre   more   or  less  spherical,  or 

meloDnriiaped,  with  eight  Wws  of  locomotive  fringes  di- 

■ftding  the  surface  of  the  body 

as  the  ribs  divide  the  surface  of 

a  melon. 

^lenrohrachia  is  one  of  the 
moktcominon  kinds  on  the  north- 
eastlcoast  of  the  United  States, 
and  In  its  movements  and  curi- 
ous appendages  is  one  of  the 
most  vondcrtul  of  all  the  Me- 
dosse.  \lt  is  transparent,  and 
besides  tne  eight  rows  of  fringes, 
it  has  tnto  moBt  extraordinary 
tentacles;  and  no  form  of  ex- 
pandon  or  contraction,  or  cnrve, 
or  spiral,  can  be  conceived  of 
which  these  tentacles  do  not  as- 
sume. 

Boti/na  and  Idyia  are  other 

ctenoplione    common     on     the 

north-east  coast  if  the    United 

States.     The  Roscrcolored  Idyia 

is  three  or  four  inches  long,  and 

dL   shaped  somewliat  li^e  a  melon 

with  one  end  cnt  off;  and  the 

month  occupies  the  whole  of  the  cut-ofE  end.  and  the 

digestive  cavity,  or  stomach,  occupies  a  large  part  of  the 
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interior  of  the  animal.  In  summer  it  sometimes  appears 
in  ench  swarms  as  to  tinge  large  patches  of  the  sea  with  a 
delicate  rosyjme."^ 


SuB-sEonoir  m. 
The  Obder  of  Discophoks  or  Medus^x  Propsb. 

The  Jelly-fiBhee  which  belong  to  the  order  of  Disco- 
phone  are  more  or  less  hemispherical — often  considerably 
tiattened  and  disk-shaped. 

The  species  are  very  numerous  and  varied   in  form, 
structure,  and  color.     Some  kinds  are  very  small,  and 
oUiers  are  the  largest  and  most  magniticont  of  all  the 
Jelly-fishes,  attaining  a  diameter  of  several  feet,  and  in  * 
some  cases  having  tentacles  a  hundred  feet  in  length. 

One  of  the  common  species  of  this  group  is  tlio  "  8nn- 
fiah,"  Aurdia  flavidvla  (Figs.  690-693),  of  the  North 
Atlantic.    It  attains  fio.  no. 

a  diameter  of  eight 
to    twelve    inches. 
In  the  spring  it  is 
about  a   quarter  of 
an  incli  in  diameter, 
and  in  pleasant  days 
it   mtfves   in    large 
swajTns  near  the  sur- 
face of  the  water. 
/  About  tlie  middle 
,  of  summer  the  Jel- 
/  ly-fishes  of  this  spe- 
/     cies     become     fnll 

grown.        Towards  ..,^.sa,,"  Av.rai>,  ju^^iA-a,,.  Perou  «.d  Lean™. 
the  close   of    sum-  oapnug  of  Fjgi.  boi-b, 
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mer  tbej  lay  t,lieir  eggs ;    and  in  tlie  aiitumn  tliey  per- 
ish. 

At  length  the  eggs  hatch,  and  thelittle^ionw^as  the 
newly -hatched  Jelly-fieheB  are  called,  swhii  about  in  the 
water  by  means  of  little  appendages  called  vif/ratHe  cilia. 

Soon  each  becomes  attached  to  a  rock/shell,  or  sea- 
weed, and  is  then  called  Soy^kistoma    / 
(Fig.  691).  /        ^"^  ™'- 

Then  the  body  begins  to  divide  by' 
horizontal  constrictions,  and  soon  s^ 
pears  aa  in  Figs.  692,  693,  and  is  l^ien   scjpwsto™  of^.^oBf- 

Called  Strobila.  ■itita.Per..ndLeS. 

At  length  the  segments  become  more     "**°'^i^^"*™' 
anjd  more  separated,  and  the  upper- 
most one  drops  off ;  then  the  next  one ;  then  the  next, 
and  so  on,  till  each  in  tarn  has  separated  fi-om  tlie  one  be- 
low itself. 


r  A.  JUuiAaia,  Per, 
aiidLuB.    MigalHediboat 


Each  disk,  as  it  separates,  turns  over  and  floats  away, 
and  is  known  as  Epkyra. 

Soon  each  Ephyra  assumes  the  form  of  a  perfect  Jelly 
fish,  as  shown  in  Fig.  690. 
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It  is  thus  seen  that  we  have  here  another  ilhistration  of 
''  parthenogenesis,"  or  '*  alternations  of  generations  "  (see 
page  329).  The  egg  hatclies  into  a  Planula^  which  soon 
becomes  a  Scyphistoma  ;  the  scyphistoma  becomes  a  8t/ro- 
bUa  /  and  the  strobila  breaks  up  into  Epkyrm,  which  soon 
become  perfectly  formed  into  Jelly-lishes  which  lay  the 
eggs.    - 

V,  Sub-section  IV. 

The  Obder  of  Hydroidea  or  Hydeoids. 

[E  Hydroids  are  Jelly-fishes  which  are  even  more  won- 
derfulv  in  their  mode  of  development  than  those  already 
described.  Occurring  as  they  do  in  many  cases,  in  their 
early  stages  of  existence,  as  mere  discolored  patches  on 
6ea-weeds,\8tones,  or  shells,  or  in  appearance  like  little 
tufts  of  mobs,  or  miniature  shrubs,  the  untrained  eye 
might  well  misteke  the  fact  that  they  are  animals. 

But  naturalists  have  shown  that  these  plant-like  forms 
produce  medusae  buds,  which  expand  into  genuine  medussB 
or  jelly-fishes.  Fig.^94  shows  a  little  cluster  of  Hydroids 
attached  to  sea-weed,\nd  Fig.  694B  shows  a  single  indi- 
vidual of  the  same,  verV  much  magnified,  with  two  of 
the  buds  much  enlarged^sand  a  third  quite  prominent. 
At  length  each  bud  becomesxdetached,  and  floats  away  as 
a  free  jelly-fish,  like  Fig.  694:LKand  is  then  known  as  Co- 
ryne ;  or,  as  it  was  formerly  calle^Sarsia — the  latter  name 
from  Sars,  a  Norwegian  naturalisK  who  was  one  of  the 
earliest  investigators  of  these  curious\kinds  of  Jelly-fishes. 

Goryne  is  almost  as  delicate  and  aH^^  transparent  as  a 
dew-drop,  yet  it  performs  varied  and  rapid  movements, 
contracts  and  expands  its  tentacles,  catcher  and  devours 
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otheKsmall    ielly- 

*■      L     X  1        ,  '^ 

1 1 8 11  e  sy^nd  oUier  a 

small    niaH 
mals  and  t 
abundant  evici^nce 
that:  it  is  a  real  met 
ber  of  the  animld 
kingdom.  The  jelljX 
tishesofthis  sort  arc  ' 
abundant    in    the 
spring.  In  the  mid- 
dle of  summer  they 
lay  their  eggs,  and 
perish.       But     the 
eggs  do  not  hatch 
into    meduste    like 
the    parent ;    but 
each  egg  hatches  a 
little  hydroid  which 
18  first  frecj    then 
afterwards  becomes 
attached  to  a  shell, 
sea-weed,  or  stone,  Hydroid jeiiy-agh 
and  from  this  little  ^i^'i^i^^^^  I 

hydroid       others  on  ma  becoma  free  Jell^-naHee  c 

branch  till  a  little  community  of  liydroids  has  grown  up, 
as  in  Tig.  694A. 

And  here  again  we  have  an  illustration  of  ft^rttieno- 


In  some  kinds  of  Hydroids,  as  Tnbularia  (Fig.\695), 
there  is  a  wreath  of  coronal  tentacles,  and  a  projecting 
part  called  a  proboscis,  and  the  mednsfe  grow  in  clusnrs 
from  just  above  the  coronal  tentacles. 


5^V\  // 


^ 


In  the  Scrtnlarians  (Fig.  696)  and  Campannlarians,  the 
fto.  TO8.  hydioid  has  a  Btem  which  is  covered  by  a 
horny  eheatb,  which  is  formed  into  few  or 
many  belle  or  cups.  In  a  fertile  cup  there 
Are  hydro-meduBfe,  which  at  length  drop  oat 
and  become  free  medusEe  similar  to  Tiarop- 
8i8(Fig.  698). 

In  the  Siphonophone  the  hydroid  acalephs  exist  as  free 
commuDitles,  each  community  being  made  up  of  iodiyid- 
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'»■  ™  nal8  of  different  kinde,  -^aU 

80  combined  ae  to  ^re  tlie  ap- 
pearance of  one  animat.  The 
"  Portuguese  Man-of-War,"  of 
the  Gulf  <tf  MGxieo,/is  of  tiiis 
sort.  It  consiete  of  ^  elegantly 
ppeeted  air-sac,  ^ting  upon 
"■the  water,  and  ffiving  off  nu- 
merouB  long  and'  varied  append- 
sgee.  According  to  Agassiz, 
these  axQ  the  different  members 
of  the  comi)dunity,  and  folfill 
different  offij^es ;  some  of  them 
eating  for  the  whole,  others  pro- 
ducing mediisa  buds,  and  others 
being  the /locomotive  or  swim- 
ming members,  and  having  ten- 
/  tacles  thiit  etretch  out  behind 

/  the  floating  communitj  to  the 

length  of  twenty  or  thirty  feet. 
\  According  to  Agassis,  there 

are   Some  kinds  of  Acslophs 
whi^i  produce  coral  similar  to 
that  tbrmed  by  Polyps,  described 
portugoe*.  ii«M*w„,  »,«tti    in  the  following  pages.    MiUe^ 
onuwo.  -pora  is  a  genus  of  coral  of  this 

sort  (Fig.  70P.)  /. 

To  the  Hydroidea  belong  also  the  so-called  "  fresh-water 
polyps "  (Mydra).  These  are  common  in  fresh-water 
ponds  and  streams,  and  are  found  attached  to  the  stems 
and  leaves  of  aquatic  plants.  They  are  merely  a  living 
tube-like  sack,  with  the  mai^n  prolonged  into  eight  ten- 
tacles.   They  have  become  celebrated  on  acconnt  of  the 
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:>nlf  Miiiepora  aidcomU, 

wonderful  experiments  made 
with  them  by  Trembley,  more 
than  a  hundred  years  ago,  and 
oeBentiallj  repeated  by  many 
others  in  later  times. 

Trembley  found  that  wliether 
cnt  in  two,  or  into  many  rings, 
or  into  longitudinal  £tri))s,  each 
part  became  a  pci-fect  animal. 
He  found  that  if  lie  split  them 
from  the  mouth,  part  of  the  way 
down  the  l)ody,  each  Boetioii  be- 
came a  perfect  animal,  ami  tlrnt 
a  many-headed  hydra  was  thua 
produced.  And  that  when  he 
turned  thcin  inside  out,  and 
compelled  them  bo  to  reniaiu, 
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they  experienced  no  harm,  but  ftfter  a  few  days  devoored 
their  food  aa  if  nothing  liad  happened  ! 


THE  CLASS  OF  POLYPI  OB  POLTra. 

sub-sectiom'  i. 
The  Poltpi  Considered  a3  a  Class. 

Of  all  the  aninialB  of  the  ocean,  probably  none  have  a 
more  interesting  history  tlian  tlie  Polyps — tlie  "  Flowers 
of  the  Sea ; "  and  they  and  their  products  have  long  en- 
gaged tlie  attention  of  the  raost  cultivated  minde. 

Theophrastns,  Pliny,  Cuvicr,  Milne-Edwarde,  Darwin, 
Dana,  and  Agassiz,  are  some  of  tlie  illnstrious  names 
which  we  find  in  connection  with  the  written  history  of 
these  flower-like  forms  which  constitnte  the  lowest  class 
of  tlie  Kadiata. 


A  Poln>— S«kBaemoue,  Bimeda  iltUa,  VeiriU. 
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Polyps  are  marine  radiates  which .  have  a  sack-like  or 
tubular  body,  with  a  cirealar  top  or  disk,  in  the  center  of 
j^  ,j^  which  is  aa  opening 

called  the  mouth ; 
and  Burrounding  the 
month  are  one  or 
more  rows  of  hollow 
feelers  or  tentacles. 

The  mouth  opens 
directly  into  an  inner 
sack,  which  is  the 
stomach,  and  this 
stomach  opens  at  the 
bottom  into  the  main 
cavity  of  the  body. 

The    main  cavity 
of  the  body  is  divid- 
ed by  radiating  septa  or  partitions,  which  run  from  the 


Onm  section  ott  Vnijfi,  ibowlng  Itw  Septa. 

bottom  to  the  top,  and  from  the  outer  wall  to  the  stomach. 
These  radiating  partitions  are  in  pairs,  and  the  number  of 

•  ngi.  «A.  700.  70S,  TM,  TOT,  71S,  ial,*Bd  no,  an  tran  Dub'i  tpltndld  "OonI 
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pairs  is  some  multiple  of  six-Wwi?  pairs  in  the  first  series ; 
six  in  the  second ;  twelve  in  the  third ;  twenty^aur  in 
the  fourth  ;  forty-eight  in  the  fiftli,  etc.  And  the  com- 
partment between  the  two  septa  of  each  pair  opens  into 
the  hollow  tentacle  above. 

Professor  Verrill  has  shown  that  the  tentacular  compartments  indi- 
cate the  amhulacral  segments  of  the  Polyp. 

The  food  of  polj^ps  consists  of  small  marine  animals, 
which  are  secured  by  means  of  the  tentacles,  and  the 
curious  and  wondei'f  nl  organs  called  kssoe. 

On  the  tentacles,  and  ahout  the  mouth,  and  on  the  walls  of  the 
stomach,  and  in  the  white  cords  often  seen  hanging  from  the  folds  of 
the  radiating  septa,  are  vast  numbers  of  cnidie  or  lasM-ceUs,  each  one 
being  less  than  ^hn  of  an  inch  in  length.  In  each  cell  there  is  a  long, 
slender  coUed-np  thread  or  lasso ;  and  these  threads  can  be  darted 
forth  with  almost  lightning-like  rapidity,  and  the  little  animal  upon 
which  they  strike,  and  Into  whose  tissues  they  penetrate  and  carry 
poison,  as  is  believed,  is  instantly  paralyzed,  and  is  thus  readUy  secured 
by  the  hungry  polyp  for  food.  The  lasso  in  some  cases  is  twenty  to 
forty  times  as  long  as  the  cell. 

After  digesting  the  soft  parts  of  the  animals  which  they 
capture,  they  eject  the  shell  or  other  hard  parts  through 
the  mouth.  And  it  may  be  stated  hero  that  the  substance 
of  some  kinds  of  polyps,  as  the  Actinias  or  Sea-anemones, 
is  so  extensible  that  they  can  swallow  and  eject  shells  of 
almost  as  great  diameter  as  themselves.  The  expansion 
and  contraction  is  accomplished  by  means  of  two  sets  of 
muscles,  one  set  circular,  and  another  longitudinal. 

After  being  digested  the  food  passes  into  the  main  cavity 
of  the  body,  and  thence  into  the  chambers  and  tentacles, 
thus  nourishing  every  part. 

The  Polyps  have  no  proper  nervous  system.  The  sense 
of  touch  is  distributed  throughout  the  whole  animal ;  but 
as  to  sight,  it  is  quite  remarkable  that  some  kinds  of  Sea- 
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anemones  or  ActiniEe  have  a  row  of  eyes  jnst  outside  of 
the  tentacles;  and,  acuordiug  to  Dana,  these  eyue  ]iave 
crystalline  lenaea  and  an  optic  nerve.  It  is  not  probable, 
however,  that  these  eyes  enable  the  animal  to  see  objects 
as  do  those  of  higher  animals. 

Most  kinds  of  polyps  are  attached  to  the  rocks,  shoHs, 
or  other  bodies  beneath  the  waves.  Some  live  singly  ; 
others  in  small  clusters ;  and  others  in  communities  whose 
numbers  are  almost  beyond  calculation. 

Polyps  increaae  by  means  of  eggs;  by  bndding  and 
branching  in  a  manner  much  like  that  of  trees  and  shnibs ; 


SponUueoiu  flolOD  or  dtiiEiau  In  Polyp*— one  polni  becoming  two. 

and  by  division  of  one  animal  into  two  or  more.  Thus 
the  largest  communities  arise  from  a  single  animal. 

The  ejfgs  are  formed  on  the  radiating  partitions,  and 
pass  out  through  the  mouth  into  the  water. 

When  first  hatched  the  young  are  not  like  the  parent, 
but  are  little  oval  bodies  which  move  freely  ahont  by 
means  of  fringe-like  appendages  called  vihraiUe  cUia, 
At  length  each  of  these  little  bodies  becomes  attached  to 
a  rock,  or  shell,  or  sea-weed,  and  soon  assumes  the  fonn 
of  the  parent.  If  it  be  a  kind  which  buds,  there  soon 
grow  from  its  sides  or  base  others  like  itself ;  and  from 
these,  in  turn,  bud  other  polyps  of  the  same  kind ;  and 
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thns  the  community  goes  on  growing  till  it  lias  reached 
its  limits  of  increase.  If  it  be  a  kind  which  increases  by 
division,  it  widens  as  it  grows  npward,  and  soon  there 
are  two  montiia  instead  of  one ;  and  at  length  the  polyp  is 
divided  into  two,  so  that  there  are  two  mouths,  and  two 
circular  disks  surrounded  by  tentacles,  instead  of  one  as 
before  tlie  division ;  and  the  polyps  thus  formed  divide 
in  tlie  same  way,  and  tliis  process  is  continued  till  from  a 
single  polyp  there  is  formed  a  large  and  beautiful  clust«r. 

Polyps  readily  reproduce  lost  parts ;  and  even  if  cnt  in 
pieces,  each  fragment,  in  some  cases,  will  become  a  per- 
fect animal. 

Polyps  vary  in  size  from  extreme  minuteness  to  those 
that  are  more  than  a  foot  in  diameter.  Some  kinds,  as 
the  Sea-anemonea  (Fig.  702),  are  wliolly  soft ;  others  secrete 
a  more  or  less  solid  framework,  called  coral  or  coraUum, 

Some  people  suppose  that  coral  is  built  by  an  insect,  as 
the  bee  builds  comb,  or  the  wasp  its  nest ;  and  the  indus- 
try of  this  supposed  insect  is  often  spoken  of.  Put  it  is 
not  proper  to  give  the  name  in-  fiq,706. 

sect  to  the  Coral-polyps,  for 
they  are  in  no  way  related  to 
insects,  either  in  appearance, 
structure,  or  habits.  Coral  is 
not  something  which  is  built, 
but  something  which  growa.  It 
is  the  skeleton,  or  many  united 
sheletoTia,  of  polypa  ;  and  these 
animals  exhibit  no  industry  in 
forming  it,  any  more  than  do 
other  animals  in  forming  their  own  bones.  Coral  is 
not  a  bouse  in  which  the  animal  lives ;  on  the  contrary, 
the  coral  is  wholly  inside  of  the  animals,  and  it  is  only 
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when  the  polyps  die,  wither,  and  disappear  that  we  see 
the  solid  coral  itself. 

Polyps  grow  in  various  and  most  wonderful  and  beauti- 
ful fonns,  imitating  almost  all  kinds  of  vegetation,  lichens, 
fungi,  mosses,  ferns,  herbs,  shrubs,  and  trees.  A  hundred 
years  ago,  or  more,  they  were  thought  to  be  plants ;  and 
even  Linnaeus  regarded  them  as  plant-animals,  that  is, 
partaking  of  the  character  of  both  plants  and  animals ; 
but  naturalists  now  regard  them  as  true  animals,  although 
they  are  often  called  Zoophytes,  a  word  which  means 
Animal-plants. 

The  colors  of  these  wonderful  animals  of  the  sea  are  as 
beautiful  and  almost  as  varied  as  their  forms ;  and  some 
of  the  polyp  communities  equal,  in  splendor  of  colors, 
the  most  beautiful  flower-gardens  of  the  land.  Even  beds 
of  daisies,  pinks,  and  asters  have  their  rivals  beneath  the 
waves  of  the  sea. 

According  to  Professor  Verrill,  the  Polyps  may  be 
divided  into  three  groups  or  Orders,  thus  :  *  ^ 

1.  AlcyonariA  or  polyps  With  eight  long  fringed  tentacles 

around  a  namw  disk ;  as  "Sea-Pens/'  Gorgouias  or  '^^  Sea- 
fans/'  Red  Corak  Organ-pipe  Coral,  etc. 

2.  ACTINARIA   or  polyps  with  very  numerous  tentacles,  and  in 

most  cases  with  a  pe^ectly  soft  body  ;  as  Sea-anemones. 


*In  Professor  Dana's  splendid  bh^k,  **  Corals  and  Coral  Islands,"  the 
Polyps  are  grouped  thus : 

1.  AoTiNOiD  Polyps  or  the  Sea-anemoii^and  the  Coral-producing  polyps 

related  to  the  Sea-anemones  in  thci^^tentacles  and  in  their  interior 
structure.    The  septa  and  tcnUicIcs  are^lo  multiples  of  six. 

2.  Ctathophylloid  Poltps  or  those  like  the  A^Uiioids  in  their  tentacles 

and  interior  structure,  except  that  the  numVer  of  tentacles  and 
Interior  septa  is  a  multiple  of  four.   They  were  the  earliest  of  pol- 
yps, and  the  most  abundant  of  all  in  the  Paleozoic  a^s. 
8.  Alcyonoid  Polyps  or  those  having  eiglit  fringed  tentacles ;    as  the 
Gorgouias  and  Alcyouiu. 


ALCTONABIA. 
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3.  MADREPOB^JUX^or  conl-produdng  poljpi  vith  a  deflnHe 
jr  of  tenlaclflfl — in  most  cnseB  !□  multiples  of  Hii  (app^r- 
sftly  onWfautitt-thet^atliopliylloid  corala.iill  of  which  we 
«  Madrepores,  Poiitea,  Astneas,  MuutdrlUM,  etc. 


Sub-section  II. 
The  Order  op  Alcyoharia  ok  Sea-pens,  Sba-panp 


The  Al^onarians  are  poljpe  whicU  have  eight  long 
fringed  tentacleB  around  a  narrow  disk,  and  which  fonn 


n,  Gorgonia  ^do&eUwK. 
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are  communities  arranged  on  a  more  or  less  exj»rfided 
disk  which  has  a  sort  of  stem  by  means  of  which  tlie 
community  moves  about  oiUxes  itself  in  thesaitd.   These 
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like  beautiful  flowering  shrnbs.  All  secrete  a  solid  ceiv> 
tral  axis,  which  is  either  horn-like,  or  calcareous. 
.  The  stems  and  branches  of  the  Gorgonacea  are  cov^ed 
with  a  layer  of  united  polyps,  whose  tissues  are  m0'e  or 
less  filled  with  calcareous  particles  called  spicule/  (Fig. 
713) ;  and  it  is  to  these  spicules  that  the  Gorgo^las  owe 
their  various  and  beautiful  colors.  / 

Spicules  occur  in  the  other  alcyonarians,  aiid  they  are 
very  important  guides  in  classification.  / 

The  Sea-fans  are  Gorgonias  which  are/broadly  fan- 
shaped,  branching  in  one  plane,  the  brancl^ets  coalescing 
,  so  as  to  form  a  net-work  (Figs.  709,  716). 

The  shrub-like  precious  coral  of  the  Mediterranean — 
CoraUvumrubrwni^  orEed  Coral  (Figs.  715, 717) — is  allied 
to  the  Gorgonians.  It  has  a  solid  c^careous  axis  of  a 
beautiful  crimson  or  rose  color. 

Another  type  of  alcyonarians  is  see^  in  the  Alcyonacea, 
which  occur  in  the  form  of  arborescent  clusters  which 
are  more  or  less  fleshy  or  coriaceous  in  their  texture,  but 
filled  with  calcareous  spicules ;  or/  as  in  one  family — the 
Organ-pipe  coral  family, — ^they  f</rm  beautiful  red  calca- 
reous tubes  (Fig.  719).  / 


Sub-section    HI. 
The  Order  op  AcriyARiA  or  Sea-Anemones. 

The  Sea-anemones  anc^  their  immediate  allies  have  the 
abactinal  region  largelj' developed,  and  the  tentacles  con- 
ical, or  cylindrical. 

The  Sea-anemones  or  Actinia  group  have  from  ten  to 
hundreds  of  tentaclj^s,  and  the  mouth  furnished  with  folds 
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or  lobes.  They  are  free,  and  effect  locpmotion  by  sliding 
along  by  means  of  their  fleshy  "  f op^T"  Most  kinds  are 
simple.  And  nearly  all  are  soft  th^nghout;  a  few  secrete 
&om  the  base  a  horn-like  substai^e. 

Other  actinarianS)  as  the  imtipathus  group,  are  com- 
pound  communities,  and  appear  in  the  form  of  delicate 
shrubs  and  twigs,  attaining  a  height  of  three  feet  in 
some  cases.  They  secs^  a  horny  axis,  which  is  covered 
by  the  united  poly^  which  have  tentacles  similar  to  a 
Sea-anemone. 

Still  other  actfiiarians,  as  the  Zoanthids,  live  in  com- 
pound commumties  in  most  cases,  but,  like  the  Sea-ane- 
mones, secrelJB  no  coral.  They  are  unlike  the  latter  in 
being  incamble  of  locomotion.  The  polyps  have  simple 
short  tentacles  on  the  margin  of  the  disk. 


\ 


Sub-section  IV. 
The  Order  of  Madreporaria  or  Madreporb^/astrje- 

ANS,  ETC. 

The  polyps  of  this  group  are  simpleMor  compound, 
otten  excessively  branching,  and  they  form  coral  in  their 
walls  or  outer  parts,  in  their  radiadng  partitions,  and 
often  at  their  base.  Tlie  forms  wftich  the  communities 
assume  are  very  beautiful  and  Exceedingly  various,  and 
are  among  the  most  beautiful  objects  in  zoological  cabinets. 

The  great  group  of  Madreporacea  contains  polyps  which 
have  a  definite  number  of  tentacles,  twelve  or  more. 
Those  called  Porites  (Fig.  723),  have  the  cells  shallow, 
and  not  more  than  one-twelfth  of  an  inch  in  diameter, 
and  the  coral  in  some  cases  branching,  in  others  massive, 
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and  always  very  solid.  Massive  specimens  of  Porites  are' 
sometimes  fifteen  feet  in  diameter.  In  tlie  true  Madre- 
pores (Fig.  722),  the  cells  of  the  coral  are  deep,  and  these 
corals  spread  and  branch  into  the  most  beautiful  and  varied 
forms,  and  the  polyp  at  the  end  of  a  branch  is  always 
larger  than  the  others. 
In  the  great  group  of  the  Astreeacea  the  tentacles  occur 


CladocomficxuMa,  Ebr, 
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in  multiples  of  six.    Thoee  of  this  group  which  sre  called 
MsMndriuas,  have    the    surface    covered  with  windiug 


trenches  (Fig.  726),  on  each  ejae  of  which  there  is  a  row 
of  tentacles.  The  tbnii  of ytlie  MEcandrinas  is  generally 
hemispherical,  and  eotiie  o/ theee  masses  are  twelve  ieet 


X 
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in  diameter.  1  The  true  Astreeans,  or  Star  Corals  (Fig.  729), 
have  the  cells  in  the  form  of  concave  pits,  and  the  com- 


\      .  ^  .     ~      ',  ^  ,  ,    ,      ,  Fig.  731. 
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mon  forms  of  this  coral  are  hemispherical  or  dome-shaped 
masses,  some  of  which  are  twenty  feet  in  diameter; 
and  the  polyps  themselves  are  often  an  inch  in  diam- 
eter. Most  of  them,  however,  are  very  much  smaller. 
One  beautiful  little  Astrsean  (Dana's  Astrangia)  has  its 
home  in  Long  Island  Sound,  where  it   occurs  in  little 

J  clusters  upon  the  stones  and  shells.  In  the  Oculinas,  the 
coral  when  young  spreads  so  as  to  fonn  a  broad  base ; 
later  beautiful  tufts  and  tree-like  branches  arise  from  this 
base.  In  one  of  the  groups  of  the  Madreporaria  the 
corals  are  broad  and  flat,  resembling  the  fungi  of  the 
vegetable  kingdom ;  hence  they  are  called  Fungoid  Corals. 
The  polyps  which  secrete 
this  coral  have  short  lobed 

v)  tentacles  in  multiples  of 
»  six.     The  broad  flat  spe- 
cimens are  from  two  to 

twelve  inches  in  diam-  Fungoid  corau 

eter — each  the  skeleton 
of  a  single  polyp. 

Hundreds  of  islands  and  reefs  are  made  of  coral — the 
skeletons  of  Polyps. 

These  islands  and  reefs  are  most  abundant  in  the  Pacific  and  Indian 
Oceans  ;  but  the  islands  which  skirt  the  coast  of  Florida — the  Keys — 
are  also  of  coral  formation  ;  and,  according  to  Agassiz,  a  large  part 
of  Florida  itself  is  composed  of  coral.  Some  reefs  are  small ,  and 
have  made  only  a  little  progress  upward  towards  the  surface  of  the 
water  ;  others  are  miles  in  length  and  breadth,  and  come  so  near  the 
surface  that  it  is  dangerous  for  vessels  to  sail  over  them  ;  and  others 
rise  above  the  surface  of  the  water,  forming  islands  which,  in  some 
cases,  are  covered  with  coral  sand,  and  in  others  with  a  more  or  less 
luxuriant  growth  of  tropical  vegetation. 

Coral  reefs  stretch  north  and  south  near  New  Caledonia  for  the  dis- 
tance of  four  hundred  miles  ;  and. along  the  north-eastern  coast  of 
Australia  for  a  thousand  miles. 

21 
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When  a  r©ef  or  bank  of  coral  is  near  tlie  shore,  it  is  called  a  FHng- 
ing  Reef;  when  at  a  distance  from  the  shore,  a  Barrier  Beef;  and 
when  it  surrounds  a  body  of  water,  as  is  often  the  case  in  the  Pacific, 
an  Atdl  or  Coral  Island, 

The  corals  which  form  the  principal  part  of  the  reefs  and  islands 
are  Madrepores,  Porites,  McMind/rmas,  and  AstrcMu;  and  to  these  we 
must  add  the  Pocillopores  (Fig^  724)  and  Millepores  (mentioned  on 
page  465). 

The  frailer  forms,  as  Sea-fans  and  other  gorgonians,  and  various 
other  delicate  kinds,  adorn  the  reef,  but  contribute  comparatively  little 
to  its  growth. 

From  what  has  already  been  said,  it  will  be  understood 
that  coral  reefs  and  coral  islands  are  not  something  which 
the  coral  animals  build,  as  a  mechanic  builds  a  house,  or 
as  a  bee  or  wasp  builds  her  nest  or  comb  ;  but  that  the 
reefs  and  islands  are  made  of  the  hard  parts  or  skeletons 
of  polyps  and  other  marine  forms  that  lived  and  died 
where  the  reef  or  island  now  stands. 

Only  about  an  inch  of  a  growing  coral  mass  or  reef  is 
alive ;  all  the  rest  within  is  dead ;  death  goes  on  below 
as  fast  as  growth  goes  on  above.  When  the  reef  at  last 
grows  up  to  the  surface  of  the  water,  the  polyps  die  ;  for 
they  cannot  live  out  of  water.  The  winds  and  waves  do 
the  rest ;  they  break  fragments  from  the  sides  of  the  reef 
and  pile  them  nearer  the  center ;  they  bring  sea-weeds 
and  other  floating  materials,  and  cast  them  over  the  whole ; 
plants  at  length  spring  up ;  and  in  the  course  of  years,  the 
island — except  its  broad  beaches  of  coral  sand — is  clothed 
with  verdure ;  and  man,  perhaps,  comes  there  and  makes 
his  home. 

But  a  history  of  the  Polyps  would  be  incomplete  if 
we  should  not  mention  their  connection  with  some  of 
the  rocks  of  the  globe — the  limestones.  Corals  abound 
in  the  rocks  of  almost  every  coimtry,  and  upon  the 
mountains  as  well  as  in  the  low  lands ;  and  vast  reefs 
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are  found  hundreds  of  miles  from  any  ocean.  Coral 
reefs  and  eoral  islands  have  essentially  the  same  composi- 
tion as  limestone  or  marble,  being  composed  mainly  of 
carbonate  of  lime. 

0  From  these  facts,  and  many  others,  geologists  believe 
that  a  large  part  of  the  limestones  of  the  globe  are  made 
out  of  the  coral  reefs  that  were  formed  in  the  old  oceans, 

• '  which  long  ages  ago  covered  the  countries  where  limestones 
are  now  found. 

If  this  be  true,  many  of  the  rocks  which  underlie  vast 
countries,  the  marble  temples  and  palaces  of  the  East,  the 
marble  monuments  and  public  buildings  of  our  own  coun- 
try, the  mortar  upon  the  walls  and  ceilings  of  our  houses, 
and  the  marble  tables  and  mantels  so  highly  prized 
— all  have  come  from  the  skeletons  of  these  and  other 
low  animals  of  the  sea. 

And  perhaps  it  is  not  too  much  to  say  that  their  skele- 
tons have  furnished  even  the  blocks  of  marble  which  the 
sculptor  chisels,  and  that  thus  the  polyps  are  connected 
with  the  highest  department  of  culture  and  of  art  in 
which  the  mind  and  hand  of  man  can  engage. 


\ 


*    /  Principal  Topics  considered  in  Chapter  v. 


Section  I. 

The  Bflfdiates  consideredVa  a  Branch. The  arrangement  of  their  parts,  etc.-~^ 

daasifioation. 

Section  II. 

JUB-SECTION  I. 

l%e  Echinoderms  considered  i\  a  Class. Meaning  of  the  name. GlaBslfica- 

tio^ 

/ 

I 

/  SUB-flECTION   II. 

.The  Holothurioidea  as  an  Order. Piktes  in  the  skin. Size. 
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BUB-SBCTION  III. 

The  EchinoidlMt  or  Sea-urchins  as  an  Order. Ambniacral  and  interambulacral 

plates. Eyes. Dental  apparatas. Begular  and  Irregular  Echinoids. 


SUB-SECTION  rV. 
The  Asterioidea  considered  as  an  Order. Their  form,  structure,  food,  etc 


BUB- SECTION  V. 
The  Ophlurioidea  considered  as  an  Order. Astrophyton- 


8UB- SECTION  VI. 
The  Grinoidea The  living  and  the  fossil  kinds. 


Section  III. 

SUBSECTION  I. 

The  Acalephs  considered  as  a  Class. Meaning  of  the  name.-^-Size. ^Food. 

— Claasiftcatiou. 


SUB-SECTION  II. 
The  Gtenoplibrae  considered  as  an  Order. Their  form. Structure,  etc. 

SUB-SECTION  III. 

The  Discophorte  considered  as  an  Order. Their  form,  structure*  development, 

etc. 


SUBrSECTION  IV. 

The  Hydroldea  considered  as  an  Order. ^Their  forms,  modes  of  development. 

etc. •*  Fresh-water  Polyps." 


Section  IV. 

SUB-SECTION  I. 

The  Polypi  considered  as  a  Class. Their  form  and  general  structure. Lassos. 

— Food. Modes  of  increase. Coral. Classification. 


SUB-SECTION  II. 
The  Alcyonaria  considered  as  au  Order. Leading  forms. Spicules. 


SUB-SECTION  ITT. 

The  Actinaria  considered  as  an  Order. Oeneral  absence  of  hard  parts. ^The 

kinds  which  live  in  communities. 


SUBSECTION  IV. 

The  Madreporaria  considered  as  an  Order.-r — The  Principal  forms. Coral  Reels 

and  Coral  Islands. Coral  and  Limestone. 
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'        CHAPTER  VL 


THE  BRANCH  OF  PBOTOZOA  OB  PEOTOZOANS. 

SECTION  1. 

THE  PROTOZOA  CONSIDERED  AS  A  BRANCH. 

As  already  stated  on  page  5,  there  are  vast  numbers 
of  beings  which  are  so  simple  in  their  form  and  structure, 
that  naturalists  are  in  doubt,  in  many  cases,  whether  to 
call  them  Plants,  or  Animals. 

In  most  cases  they  have  neither  mouth  nor  stomach ; 
and  with  comparatively  few  exceptions,  they  are  exceed- 
ingly minute,  and  mostly  microscopic.  Many  of  them 
^  are  so  small  that  they  can  be  studied  only  by  the  most 
'"^   skillful  observers,  aided  by  the  most  powerful  microscopes. 

In  a  vast  number  of  cases  they  are  apparently  no  more, 


\ 


a 


©«,©     ^i<QS\    %?%So0 


^  b  c  a 

Yeast-plant  {TortUa  eereviiioi)  as  developed  during  fermentatton. 
a,  b,  c>  dt  successive  stages  of  cell  multiplication. 

and  in  many  cases  even  less  complicated  in  their  structure 
than  this  little  plant  which  we  call  yeast,  being  mere 
particles  of  mucoas-like  matter  (sarcode  or  protoplasm). 


The  name  Protozoa  comes  from  the  Greek  prolos,  first, 
in  tlio  sense  of  gimplest,  and  soon,  an  animsl. 


The  Protozoans  are  probably  more  nnmerons  than  all 
other  animals  of  the  globe.  They  abound  in  every  ditch 
and  pool,  every  stream,  pond,  and  lake,  and  in  almost 


PTotozoMUmroaDd  so  aqiutlaplftiiE—aleaf  of  Duckweed,  Seepaga). 

every  part  of  the  ocean.  And  there  is  hardly  a  drop  of 
water  that  is  not  inhabited  by  some  of  them.  They  were 
also  abnndant  in  the  past  geologic  ages.  Their  skeletons 
*  or  hard  parts  abound  in  the  rocks  in  many  places ;  and  in 
some  conntrieB  rocky  Btrata  hundreds  of  feet  in  thickness 
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are  wholly  made  up  of  their  remains.     The  vast  chalk 
beds  of  Europe  and  of  other  countriefl  are  almoat  wholly 


UtcrcHcoplc  Pratozn  la  CbiOk. 

composed  of  the  skeletons  of  microscopic  protozoans — 
mainly  Ehizopude.  And,  according  to  the  estimate  of 
Ehrenberg,  the  great  Prussian  microscopist,  there  are 
1,000,000  of  these  organisina  in  a  cubic  inch  of  chalk  I 

The  Protozoa  have  been  extensively  studied  and  vari- 
ously classiiied.  Until  comparatively  recent  times  they 
were  usually  regarded  as  forming  three  great  groups — 
Infusoria,  Ehizopoda,  and  8pongida ;  but  naturalists 
,n^  recognize  six  or  more  great  divisions.      ^ . 

I.  dt^Oiraim.  OR  POBIFERA. :  as  the  Marine  and  the  Fresh  water 

Sponges-.    .  ^ 

II.  INECSOBIA  or  Ciltete;  aa  VortietSa,  SUntor,  Paramecium,  etc, 
IIL  FLAOELLATA  (including  Noctiluce  t) ;  as  the  Monada. 
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IV.  RHIZOPODA  (including  Radiolaria  and  Foraininiffiia^4-J»  Polff- 

dsiiiia,  SpTuBTozoum,  PolyaomeUgi^.^'Nitfnmvlinay  Globigerirui, 
Comitspira,  Oromia,  IHffluffta^  ArceUa,  Aetinaphrys,  Amc^a, 
etc.  ^■-'' 

V.  GREGARINID^r'as  parasitic  protozoans. 
YI.  MONE^-;  as  BathybiuSy  Protomonaa,  eta 


SECTION  IL 

THE  SPONGIDA  OR  SPONGES. 

The  Sponges  were  formerly  regarded  by  many  naturalists 
as  belonging  to  the  vegetable  kingdom.  They  are  now 
regarded  as  compound  animals  by  all,  and  by  many  as 
being  even  higher  than  the  Protozoa,  having  close  anal- 
ogies with  the  Radiates.* 

The  living  Sponge  is  composed  of  an  exceedingly  soft, 
filmy  substance,  and  hard  parts  which  this  substance 
secretes.  Water  is  admitted  through  numerous  minute 
pores,  which  open  into  a  system  of  branching  canals,  and 
these  lead  into  the  large  pores  which  we  see  upon  the  sur- 
face, and  through  which  the  water  and  other  bodies  are 
discharged  (Fig.  740).  The  water  is  kept  in  motion  by 
ciliated  cells.     Sponges  increase  by  eggs  and  sperm  cells. 

Sponges  are  common  in  ponds  and  lakes,  as  well  as  in 
nearly  all  parts  of  the  sea  ;  and  their  forms  are  exceed- 
ingly various  and  often  extremely  beautiful.  Some 
cover  the  rocks  like  a  carpet  of  mosses;  others  grow  in. 
massive  clusters ;  others  branch  like  trees  and  shrubs ; 
and  others  still  take  the  form  of  the  most  elegant  cups, 
goblets,  and  vases. 

As'  just  indicated,  Sponges  secrete  hard  parts.  They 
form   the   well-known   "sponge"   of   commerce.     Some 

*  See  Lieberkuhu,  Carter,  Clark,  Packard  (American  Naturalist,  VoL  IX.^ 
No.  2),  etc. 
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SECTION  III. 

THE  INFUSORIA  OE  CILIATA. 
The  Infusoria  or  Oiliata  are  now  regarded  aa  the  high- 
Fio.  741.  est  representatives      ^^-  '"■ 

of  the  Protozoa,  ex- 
cepting   oniy    the 


Two    or    thj-ee 

,  forms  will  givfJ  the 

student  a  g^eral 

'  idea  of  this/gronp. 

"  Those  called  Tor- 

**  ticellse,  op'the  Bell-      vnruaiia. 
shaped  ^nimaleules  (Fig.  742) 
are  conimon  on  aquatic  plants. 
r  They/are  in  the  form  of  cili- 

"*  atecy  belle  monnted   on    long 

staJKs.     Tliey  are  visible  to  the 
naked  eye. 
(^  /The    Trumpet    animalcules 
*•  (Stentor  potymorj}h%ts,  Ehren., 

p/Fig.734*)8eerete8aBortof  tube 
'  into  which  it  contracts  when 
disturbed — whicli  Dr.  Packard 
calls  an  anticipation  in  natnre 
of  the  worm  in  its  tnbe. 

One  of  the  most  simple  and 

mostcommonfonnsof  Infusoria 

I   is  Paramecium  (Fig.  741,  from 

Clark's   "Mind  in   Nature"), 

which  is  hardly  more  than  a 

thii.lT^,i4S'riir"i^lli'^o^tS;   particle  of  protoplasm,  reprc- 

2i?n5rr^^^^rv3^i""t   aenting,  perhaps,  only  a  single 

L^Te'i;^«:rtb™.^n;df;r    cell.      Yet  it  is  regarded  aa 

having  a  so-called  mouth,  digestive  cavity,  etc. 


SECTION  IT. 

THE  Fl^QBLLATA  OR  MOKADS. 

Tbb  Flagellata  or  Moiiads  are  exceedingly  miiinte 
protozoa,  having  oval  bodies,  with  a  nacleus  and  a  con- 
tractile Tc&icle,  and  one  or  two  long  wliip^like  cilia.  It  is 
on  account  of  the  last-named  fact  that  they  hare  been 
c^led  Flagellata. 


Not  far  removed  from  the  Moaads— even  if  they  do 
not  belong  with  them — are  the  r™.  vi*. 

Noctilucee  (Fig.  744),  very  minnte 
organiBms  winch  abound  on  the 
surface  of  the  sea,  and  which  are 
remarkable  for  their  phoaphores- 
cence.     They  have  a  somewhat    I 
Bpherical  and  jelly-like  body,  with    I 
a  groove  on  one  eide,  from  which    ' 
there  extends  a  tliread-like  loco- 
motive organ. 

IfaelOiaamiliarii—lStgiiinei. 


THE  RHIZCPODA  OB  RHIZOPODB. 

Thb  Bhizopods  or  "  Root-foote  I "  protozoa  are  80  called 
from  the  root-like  filaments  whi  h  they  extend  from  tlie 
main  mass  of  the  body  (from  th  Gr.  rhisa,  a  root,  and 
poug,  a  toot).  These  root-like  pr  )JectioDB  are  also  called 
pBeiidopodJa  or  false  feet  Man  rhizopods  increase  hy 
self-diviBion. 

Those  called  Badiolaria  have  k  highly  developed  Bilto- 
eons  or  glass-like  shell.     They  mttltiply  by  the  produc- 
tion of  bodies  called  zooBpores.  / 
Tlie  Riidiolarian  shells  are  rninate,  and,  as  tlie  name 
no,  7ts.    implies,  are  radiate   In  their  structure.     Tliey 
are  remarkable  in  tie  variety  of  their  forms ; 
and  they  are   cariomly  and   beautifully  orna- 
mented.     The    molt    remarkable  forms    are 
called    Polyci8tines.l     They    abound    in    the 
sea,  and  in  many  pluea — Island  o£  Barbadoes, 
etc., — they  make  np  s    large  part  of  extensive 
PoJjdit^--'**''^^  formations. 
iiidiicgriu         Tlie  Foraminifera  ! 
**™*^*'*-  most  cases,  have  a 


rliizopode  vhich,  in 
shell    composed  of  many 


lUlMd  Uilxopod.  Amaba 


RHIZOPODA. 
Fta.  1*9. 


A  romniaUn',  BowUno  nrna'a,  «lth  Iti  "  fllM  fMt,"  or  pHDikvodi»  aitendod. 


8Lell  01  bud  parti  orafommlnirer.  OrMMita  cfmplanalui,  fniUy  li 
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chambers,  and  in  the  eli 
which  the  peeudopodia  are 
Some  forma,  however,  v 
Foraminifera,  even  if  they 
group,  have  only  one  chai 
Dlfflugia,  ArceUa,  etc  (Fi^ 


ill    are    many  poree   tlirough 
Itended  (747,  T49), 
ilch  are  closely  allied  to  the 
lie  not  inclnded  in  tlie  same 

er  in  the  shell.    Such  are 

51). 


A,  DUlMtiiipnltifiirt 


A.  the  ordinuj  Idnu — Mi^lled. 

Still  other  forms,  as  Amc^  (Fig.  746),  and  Actino- 
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phrya  (Fig,  752),  are  soft  panbicles  of  protoplasm,  without 
Hny  shelly  covering.  The  A^mceba  has  a  nncleus,  and  the 
body  exhibits  a  more  or  lei|s  clear  outside  layer  and  an 
inner  granalar  portion. 


SECTION  VL 

THE  GREQABINIDA. 

These  are  parasitic  protozoa,  which  are  more  or  less 
worm-like  in  form.     Until  tlie  Moners  were  discovered, 

Fia.  768. 


Qtegorina  «^ptmcu2t.— Misgnifled. 

they  were  regarded  as  the  lowest  animals.  They  live  in 
insects,  crustaceans,  and  worms ;  and  are  microscopic  in 
size.  One  species,  however,  attains  the  lepgth  of  over 
lialf-«H-inch. 

SECTION  YIL 

THE  MONERA  OR  MONERS. 

The  beings  called  Moners  are  so  simple  in  their  stmc- 
ture — or  rather  they  are  so  entirely  destitute  of  structure 
— that  it  is  doubtful  whether  they  are  plants  or  animals. 
They  are  merely  stncctureless  living  aibumincma  jeUy^  far 
simpler  than  even  the  Amoeba. 

The  simplest  known  form  of  life  is  a  moner,  called 
Bdthyhiusy  discovered  by  Professor  Wyville  Thompson, 
at  a  depth  of  2,435  fathoms,  in  the  Bay  of  Biscay. 


jyi^xt-^  .L^A^:^ 


I 


CHAPTER  VII. 

CONCLUDING    EEMARKS. 

In  the  preceding  chapters  we  have  obtained  a  glimpse 
— ^and  only  a  glimpse — of  the  Animal  Kingdom  as  it  now 
appears  on  the  surface  of  the  globe. 

But  the  animals  of  the  present,  vast  as  are  their  num- 
bers,  are  but  a  handful  compared  to  those  that  have  occu- 
pied the  surface  of  the  earth  in  past  geologic  ages,  and  that 
are  now  known  only  by  their  remains,  which  fill  the  rocks 
in  many  countries  to  the  depth  of  six  or  eight  miles  or 
more. 

Nature  has  embalmed  these  races,  and  handed  them 
down  to  us  so  perfectly  preserved,  that  we  are  able  to  get 
at  least  a  faint  view  of  the  phases  of  life  during  all  the 
past  ages  of  the  world.  And  it  is  a  fact  of  the  highest 
significance,  that  the  animals  of  the  past,  and  those  of  the 
present,  are  built  according  to  the  same  great  plan.  Pro- 
tpzoans,  Kadiates,  Mollusks,  Articulates,  and  Vertebrates 
are  all  the  types  under  which  animal  life  has  been  ex- 
hibited upon  the  earth. 

When  we  consider  the  branches,  the  classes,  the  orders, 
the  families,  the  genera,  the  vast  number  of  living,  and 
perhaps  the  much  greater  number  of  extinct  species,  and 
then  consider  that  each  species  is  represented  in  many 
cases  by  millions  of  individuals,  and  that  probably  no  two 
individuals,  even  of  the  same  species,  are  exactly  alike  in 
every  particular,  and  yet  that  each  one  of  all  these  count- 
less millions  bears  within  itself  the  stamp  of  a  Protozoan, 
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or  a  Badiate,  or  a  MoUusk,  or  an  Articulate,  or  a  Verte- 
brate, so  clearly,  that  by  patient  study,  the  student  of 
nature  is  able  to  refer  every  one  of  to-day,  and  of  by-gone 
ages,  to  its  appropriate  type — we  are  impressed  with  the 
great  truth,  that  in  the  Anitnal  Kingdom — and  it  is  so  in 
all  nature — there  is  the  greatest  possible  diversity,  and 
that  in  this  diversity  thei'e  is  perfect  unity  ;  and  hence  we 
are  forced  to  believe  that  all  the  animals  of  the  past,  and 
all  those  of  the  present,  have  appeared  in  accordance  with 
a  plan  wrought  out  in  the  Divine  Mlud  before  the  founda- 
tion of  the  world. 


mDEX, 


A. 

Absorbent  system,  4t 
AbBorption,  10. 
Acalephse,  456. 
Acaiithocephali,  8^ 
Acanthopteri,  366. 
Acarina,  846. 
Acepbala,  419. 
Actinaria,  476. 
Actinea,  477. 
Actinophrys,  494. 
^pyomis,  191. 
Agoati,  128. 
Albatross,  305. 
Alcyonaria,  473. 
Alectorides,  106. 
Allantois,  59. 
AlliKators,  233. 
Alternation  of  generstlonSf 

329. 
Amblystoma,  242. 
Ammonitidse,  899. 
Amnion,  69. 
Amceba,  8,  494. 
Amphibia,  285. 
Amphioxas,  280. 
Amphipoda,  868. 
Anacanths,  273. 
Animal  Kingdom,  6. 
Animals,  23. 
Annelida,  873. 
Annalata,  370. 
Annnloida,  874. 
Anomonra,  860. 
Anonra,  338. 
Ant-eaters,  129. 
Antelopes,  101. 
Ant-lions,  887. 
Ants,  804. 
Ants,  white,  884. 
Apes,  74. 
Aphaniptera,  818. 
Aphldse,  328. 
Apoda,  343. 
Arachnida,  889. 
Archseopteryx,  311. 
Armadillo,  129. 
Arteries,  47. 
Arthropoda,  884. 
Articulata,  22,  2tl3. 
Artiodactyl9,  96. 
Ascidians.  439. 
Assimilation,  11. 
Asterioidea,  449. 


Astnea,  480. 
Astrophytun,  433. 
Atoll.  483. 
Anks,  308. 
Aurelia,  451. 
Aves,  187. 
Avocets,  193. 
Axolotl,  343. 
Aye-aye,  79. 

B. 

Baboons,  76. 
Badgers,  88. 
Bark-lice,  880. 
Barnacles,  869. 
Bass,  271. 
Bathybios,  494. 
Batrachia,  88, 385. 
Bats,  118. 
Bears,  90. 
Beavers,  135. 
Bedbngs,  881. 
Bees,  803.  ' 

Beetles,  819. 
Bimana,  70. 
Birds,  38, 137,  148. 
Birds,  classification,  149. 
Birds  of  Paradise,  165. 
Birds  of  Prey,  175. 
Bivalves,  419. 
Blackbirds,  161. 
Blindfish,  378. 
Blindworm,  344. 
Blood,  34. 

Blood,  Circulation,  47. 
Blood  Corpuscles,  86. 
Bluebirds,  164. 
Blueflsbes,  368. 
Bobolinks,  161. 
Bones,  31, 145. 
Brachiopods,  870, 483. 
Brachyura,  867. 
Branches,  30. 
Branchial  fissures,  50. 
Breams,  271. 
Brevipennes,  189. 
Bristle-tails,  837. 
Bruta,  139. 
Bryozoa,  435. 
Buntings,  169. 
Bustards,  193. 
Butterfiies,  807. 


0. 

Caddice-flies,  837. 
Ceecilians,  343. 
Camels,  98. 
Campanularia,  463. 
Canidse,  85. 
Capillaries,  43. 
Capybara,  138. 
Carnivora,  80. 
Carp,  377. 
Cat-fish,  376. 
Cats,  81. 
Cells.  13. 

Cellular- tissue,  16. 
Cephalization,  839. 
Cephalopods,  894. 
Cephalo-thocax,  849. 
Cerebro-spinal  system,  27. 
Cestoidea,  382. 
Cetacea,  115. 
Ch«todont9,  269. 
Chietognatha.  874. 
Chaetopoda,  374. 
Chalk.  487. 

Chambered  shells,  899. 
Chelonians,  217. 
Chewinks,  159. 
Chickadees,  166. 
Chilognatha,  848. 
Chilopoda,  347. 
Chimeeras,  261. 
Chimpanzee,  74. 
Chiroptera,  US. 
Chorda-dorsalis,  83. 
Chrysalis,  297. 
Chyle,  44. 
Chyme,  44. 
Cicadas,  825. 
Ciliata,  490. 
Cirripedia,  369. 
Civet-cats,  92. 
Civets,  85. 
Cladocera,  367. 
Clamatores,  154, 165. 
Classes,  20. 
Cnidse.  85. 
Cochineal.  330. 
Cocoon.  299. 
Cod,  272. 
CGelenterata.384. 
Coleoptera.  819. 
Columbie,  184. 
Comatula,  454. 
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Comprebensive  tyi>e9, 79. 
Connere,  274. 
Coots,  199. 
Copepoda,  867. 
Coral,  471. 
Coral  Islands.  483. 
Coral  Kecfs,  489. 
Cormorants,  201. 
Corpuscles,  84. 
Corydalis,  337. 
Cow-birds,  168. 
Crabs,  856. 
Cranes,  108. 
Craw-fish,  851. 
Creepers,  155. 
Crickets,  838. 
Crinoidea,  458. 
Crocodilia,  9^ 
Crossbills,  169. 
Crows,  168. 
Crustacea,  849. 
Ctenophorue.  458. 
Cackoos,  ITl. 
Cumacea,  861. 
Curlews,  195. 
Cuttle-fieh.  394. 
Cyclops,  367. 
Cyclosis.  3. 
Cypris,  868. 

D. 

Daddy-long-legfl,  845. 
Damans,  liO. 
Baphnla,  867. 
Decapoda,  855. 
Deer,  104. 
Dental  formula,  57. 
Dentine,  83. 
Dermoptera,  ISS. 
Dermopteri,  279. 
Dibranchiata,  896. 
Disrestion,  11. 
Digitigrades,  81. 
Dimyaria,  435. 
Dinomis,  191. 
Dinosaurs,  220. 
Dipt  era,  813. 
Discophora,  374. 
Dlscophorie,  459. 
Divers,  207. 
Dogs.  85. 

Dolphin.  116,  367. 
Dorsibranctiiata,  876. 
Doves,  184. 
Dragon-flies,  837. 
Drums,  370. 
Duckbills,  135. 
Dncks,  200. 
Du^ong,  113. 

E. 

Eagles.  179. 

Ears  of  mammals,  68. 

Ear-wig9,  831,  848. 


Ecbinodermata,  441. 
Echinoids,  445. 
Edentata,  129. 
Eels,  378. 
Egg,  a  cell,  15. 
Elephant,  112. 
Elk,  105-6. 
Enaliosauria,  296. 
Enamel,  84. 
Eutomostraca,  864. 
Entozoa,  878. 
Ephyra,  460. 
Excretion,  11. 
Exhalation,  11. 
Eyes,  in  mammals,  62. 

F. 

Facial  angle,  71. 
Falcons,  j76. 
Families.  20. 
Felidse  81. 
Mnches,  159. 
Fishes,  246. 

Fishes,  classification,  252. 
Fishing-frogs,  267. 
Flagelulta,  491. 
Flamingoes,  200. 
Fleas,  818. 
Flesh-eaters,  80. 
Flies,  814. 
Flounders,  S74. 
Flukes,  881. 
Flying-fishes,  275. 
Foraminifera,  402. 
Foxes,  86. 

Fresh-water  polyp,  465. 
Frogs,  288. 

G. 

Galeqpfthecns,  122. 
Gall-flies,  805. 
Gallinse,  185. 
Gallinules,  199. 
Ganglionic  system,  60. 
Gannets,  201. 
Ganoids,  S63. 
Gar-pikes,  268. 
Gars,  274. 
Gasteropoda,  401. 
Gastrura.  861. 
Geese,  200. 
Genera,  20. 
Geptiyrea,  879. 
Giraffe,  100. 
Glires,  123. 
Glyptodon,  131. 
Gnats,  314. 
Goats,  108. 
Gofltsnckers,  168. 
Godwits,  194. 
Goldfinches,  159. 
Gophers,  135. 
Gorgonta,  474. 
Gorilla,  75. 


Grebes,  908. 
Gregarinida,49S. 
Grosbeaks,  150. 
Grouse,  187. 
Gulls,  204. 
Gymnocopa,  374. 
Gymnosomata,  418. 

H. 

Haddock,  278. 
Hags,  280. 
Hair-worm,  386. 
Halibut,  274. 
Hares,  128. 
Haversian  canals,  81. 
Hawk-mot  lis,  809. 
Hawks.  178. 
Heart  in  mammals,  48 
Hedgehogs,  122. 
Belmintha,  873. 
Hemiptera,  825. 
Hermit-crabs.  859. 
Herodiones,  19$. 
Herons,  195. 
Herring,  278. 
Heteropoda,  4ia 
Hexapoda,  287. 
Hippopotamus,  108L 
Hoes,  10& 
Hoiocephali,  361- 
Holo8toma,41i. 
Holothurioide»,  449L 
Horse,  106. 
Horse-fly,  814. 

Horse-shoe-crab,  864. 
Humming  bir4i»,  160. 
Hyienadse,  84. 
Hydroidea,  461. 
Hymenoptera,  801. 
Hyracoidea,  li(|. 


Ibis,  198. 
Ichneumons,  905. 
Imngo,  297. 
Infusoria,  49Q, 
Insecta,  285. 
Insect-eaters.  190. 
Insectivora,  190. 
Insects  proper.  287. 
Inf>esPores,  153. 
Isopoda,862, 


J. 

Jackals,  85. 
Jackdaws,  161. 
Jaguar,  82. 
Jays,  168. 
Jelly-fishes.  456. 
Jerboas,  1*«4. 
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K. 

Kahan,  7&. 
Kanearoos,  189. 
King-bird,  167. 
King-fi8her9,  ITS. 
Kiiigleta,  156. 

L. 

Labyrinthodonts,  344. 
Lacertia,  334. 
LactealB.  43. 
Lsemodipods,  864. 
LamelUbrancliiata.  419. 
Lainelliro8tre«,  199. 
Lampreye,  379. 
Lanceiet,  38Q. 
Land-snails,  414. 
Larks,  161. 
Larva,  S9T. 
Lai>80,  460. 
Leeches,  880. 
Lemurs,  78. 
Lepidoptera,  906. 
Lepidutiirens,  363. 
Lice,  331. 
Limicolae,  191. 
Limnadia,  367. 
Limaloidea.  364. 
Lingaal-ribbon,  408< 
Linnets.  159. 
Lizards,  334. 
Llamas,  99. 
Lobsters,  350. 
Lob- worms.  8TS. 
Locn«to,  833,  884. 
Longipennes,  903. 
Loons,  307. 
Lophobranchii,  964. 
Lnmp-flsbes,  367. 
Longs  in  mammals.  50. 
Lymphatic  system,  40. 
Lynxes,  88. 

M. 

Mackerel,  868. 
Macrura,  861. 
ICadreporaria.  478. 
Mfleandrina,  479. 
Maepies.  163. 
Malacopteri,  376. 
Mammalia,  38.43. 
Mammalia,    classiflcation, 

67. 
Man,  70. 
Manatus,  114. 
Mandible,  53. 
Man-of-war-birds,  301. 
Mantes,  &31. 
Marmots,  136. 
Marsipobranchii,  379. 
Marsnpialia,  181. 
Martens,  87. 


Mastodon,  118. 
May-flies,  886. 
Medusae,  469. 
Megatherium,  180. 
MenobranchuB,  341. 
Merostomata,  364. 
Metamorphosis,  897. 
Mice,  194. 
Millepore,  465. 
Minks,  86. 
Mites,  846. 
Moles,  133. 
Mollosca,  83,  890. 
Monads,  491. 
Monera,  495. 
Monkeys,  73. 
Monomyaria,  486. 
Monoiremata,  134. 
Moose,  105. 
Moths,  307. 
Mullets,  369. 
Mnrense,  379. 
Muscles,  68. 
Muscular  tissue,  17. 
Musk  Deer,  107. 
Musk  Ox,  lOL 
Musqnitoes,  814. 
Mussel,  419. 
Mustellidsa,  86. 
Myriapoda,  847. 

N. 

Natatores,  151. 
Natural  History,  1. 
Nautilidie,  399. 
Nematoidea,  885. 
Ner\'ous  tissue,  18. 
Nervous  system,   69,  146, 

315,  383,  393,  443.  468. 
Neuroptera.  884. 
Night-hawk,  169. 
Nightingale,  157. 
Noctiluca,  491. 
Notochord,  83. 
Nucleobranchiata,  418. 
Nuthatches,  155. 
Nutrition,  10. 

O. 

Occipital  condyles,  58. 
Ophldia,  339. 
Ophiurioidea,  451. 
Opisthobranchiata,  416. 
Opossums,  18*2. 
Orang,  73. 
Orders,  30. 
Organic  bodies,  15. 
Organs  and  ftinctions,  11. 
Orioles,  161. 
Orthoptera,  381. 
0»cines,  154. 
Ostracoda,  868. 
Ostriches,  189. 
Otters,  89. 


Ouzels,  155. 
Owls,  17U. 
Oxen,  100. 
Oyster,  433. 
Oyster-catchers,  193. 


P. 

Pachydermata,  96. 
Pangolins,  180. 
Paramecium,  490. 
Parrots,  174. 
PartheiK^nesis,  339. 
Partridge,  187. 
Pai^seres,  168. 
Pedipalpi,844. 
Pelicans,  301. 
Peuguini«,  310. 
Perch,  371. 

Perissudactyls,  97. 108. 
Petrels,  305. 
Pewees,  167. 
Pharyngoguathi,  371 
Pheasants,  Ibo. 
Phyllopoda  »67. 
Picaiiau  birdc^,  167. 
Pigeons,  184. 
Pikas,  138. 
Pike,  377. 
Pilot-flsh,  868. 
Pinnigrades,  8L 
Pinnipeds,  9a 
Pipe-fishes,  364. 
Pisces,  89,  346. 
Plagiostoini,  364. 
Plantigrades,  81. 
Plant-nce,  838. 
Plants,  3. 
Planula.  460, 
Plectognathi,  865. 
Pleurobrachia,  458. 
Plovers.  193. 
Poffonias,  370. 
Polycistinos,  493. 
Polypt>,  466. 
Polyzoa,  485. 
Porcupines,  136. 
Porgies,  870. 
Porite.»,478. 
Portuguese     Man-of-War. 

464. 
Prairie  dogs,  136. 
Primitive  tissue,  15. 
Probo!«cidea,  111. 
Prosobranchiata,  407. 
Proteus,  343.  , 

Protistlcum,  3. 
Protoplasm,  1'^. 
Protopteri,  363. 
Protozoa,  38,  485. 
Psendo-scorpiones,  845. 
P^Ittaci,  174. 
Pteropoda,  418. 
Pterosaurin,  338. 
Puffers,  365. 
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Pnfflns,  906. 
Pulmonifera,  414. 
Pupa,  297. 
Pygopodes,  207. 
Pyrosomes,  431. 


Q- 


Oaadramana,  72. 
iJaaUft,  188. 

R. 

Rabbits,  128. 
Baccoons,  92. 
Kadiata,  22, 440. 
Radiolaria,  492. 
Bails,  198. 
Rank,  24. 
Raptores,  175. 
Bats.  128. 
Battle-snakes,  282* 
Bavens,  168. 
Bays,  255. 
Bed  coral,  476. 
Bemora,  273. 
Reptilia,  88,  213. 
Beptilia,  classUlcatioii,  216. 
BhinoceroB,  109. 
Bhizopods,  492. 
Bodentia,  123. 
Books,  168. 
Bopy-featherstar.  464. 
Botifera,  887. 
Bominantia,  96. 

s. 

Sable,  86. 
Salamanders,  240. 
Saliva,  44. 
Salmon,  278. 
Salps,  480. 
Sand-flea,  868. 
Sand-pipers,  194. 
Sarcode,  8. 
Sarsia,  462. 
Saaria,  230,  216. 
Saw-flshes,  266. 
Saw-flies,  806. 
Scansores,  167. 
Scitenoids,  270. 
Scolecida,  873. 
Scorpions,  344. 
Scnlpins,  270. 
Scy  phi  stoma,  460. 
Sea-anemone,  476. 
Sea-cow,  118. 
Sea-cncnmher,  448. 
Sea-horses,  264. 
Seals,  93. 
Sea-mantis,  361. 
Sea-robins,  271. 
Sea-sauriaus,  226. 


Sea-swallows,  271. 
Sea-urchins.  445. 
Secretion,  11. 
Selachii,  254. 
Serpents,  229. 
Serpent-stars,  457. 
Serpula,  378. 
Sertularia,  468. 
Shad,  278. 
Sharks,  254. 
Sheep,  103. 
Shells,  81,  891. 
Ship-worm,  422. 
Shore-birds,  191. 
Shrews,  122. 
Shrikes,  159. 
Shrimps,  860. 
Silk- worm  moths,  812. 
Silaras,  276. 
Si  punculoids,  874. 
Siredons,  242. 
Sirenia,  118. 
Sirens,  241. 
Skates,  255. 
Skeleton,  25, 68. 
Skeleton,  origin  of,  82. 
Skull,  53. 
Skunks*  88. 
Sloths,  130. 
Snake-birds,  201. 
Snipes,  192. 
Sparrows,  150. 
Special  senses,  10. 
Species,  20. 
Spbenici,  209. 
Sphinees,  809. 
Spicules,  475,  489. 
Spiders,  389. 
Spine-ftnned  fishes,  266. 


spine-iir 
Spol%cyi,  488. 


Spoonouls,  198. 
SprinsAib,  887. 
Squasnifners,  333. 
Squids,  394. 
Squirrels,  126. 
Star-fishes,  449. 
Star-gazers,  272. 
Starlingp9, 161. 
Steganopodes,  201. 
Steilers,  118. 
Sticklebacks,  252. 
Stilts,  192. 
Stomapods,  861. 
Stone-flies,  334. 
Strepsiptera.  ■828. 
Strisores,  167. 
Strobila,  460. 
Sturgeons,  268. .. 
Suckers,  2T7. 
Snctoria,  880. 
Snn-flsh,  459. 
Sun-flshes,  266. 
Swallows,  158. 
Swans,  200. 
Swifts,  167. 
Sword-flshes,  268. 
Synthetic  Types,  79. 


T. 

Tadpoles,  239.     * 
Tanagers,  157. 
Tape-worms,  882. 
Tapirs,  110. 
Taste,  65. 
Tattlers,  194. 
Tautogs,  274. 
Teeth,  33. 
Tenrecs,  123. 
Terns,  205. 
Terricola,  879. 
Testudlnata,  217. 
Tetrabranchiata,  399. 
Tetradecapoda,  mi. 
Thecodonts,  226. 
Thecosomata,  418. 
Thripsidse,  331. 
Thrushes,  154. 
Thysanura,  387. 
Ticks,  818,  346. 
Tissues,  11. 
Titmice,  155. 
Toad-fishes,  267. 
Toads,  239.   - 
Torpedoes,  256. 
Totipalmate,  2U1 
Toucans,  171. 
Touch,  66. 

Transformations,  297. 
Tree-hoppers,  828. 
Trematoda,  381. 
Trichina,  886. 
Trilobites.  866. 
Tritons,  240. 
Trogons,  167. 
Trout,  276. 
Tmnk-flshes,  266. 
Tubicola,  378. 
Tnbularia,  000. 
Tunicata,  429. 
Tnrbellaria,  884. 
Turnstones.  19i. 
Turtles,  217. 

u. 

Ungnlata,  96. 
Univalves,  402. 
Univalve  shells,  407,  417. 
Urodela,  240. 

V. 

Vegetative  life,  la 

Veins,  47. 

Vermes,  370. 

Vertebrse  in  mammals,  67. 

Vertebrata,.22.  25-30. 

Vertebrata,  classification, 

87. 
Vipers,  2.«. 
Vireos,  168. 
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Vicceral  arches,  60. 
Yocal  organs  in  mammals, 

65. 
Yorticella,  490. 
Yaltares,  183. 

w. 

Walking-sticks,  831. 
Walrus,  94. 
Warblers,  167. 


Wasps,  S03. 
Waxwiugs,  168. 
Weak-fish,  270. 
Weasels,  86. 
Weevils,  323. 
Whales,  115. 
Wbippoorwills,  168. 
Woir-flshes,  868. 
Wolverines,  87. 
Wolves,  85. 
Wombats,  182. 
Woodchacks,  126. 


Woodcocks,  194. 
WoodpfeckerS)  173. 
Worms,  370. 
Wrens,  156. 


z. 

Zeuflodonts,  116. 
Zoology,  1,  6. 
Zoology,  nsea  of,  6. 
I  Zoophytes,  472. 
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